The alkaline hydrolysis of some ortho-substituted ethyl benzoates by McCarthy, Kevin John
University of Wollongong 
Research Online 
University of Wollongong Thesis Collection 
1954-2016 University of Wollongong Thesis Collections 
1971 
The alkaline hydrolysis of some ortho-substituted ethyl benzoates 
Kevin John McCarthy 
Wollongong University College 
Follow this and additional works at: https://ro.uow.edu.au/theses 
University of Wollongong 
Copyright Warning 
You may print or download ONE copy of this document for the purpose of your own research or study. The University 
does not authorise you to copy, communicate or otherwise make available electronically to any other person any 
copyright material contained on this site. 
You are reminded of the following: This work is copyright. Apart from any use permitted under the Copyright Act 
1968, no part of this work may be reproduced by any process, nor may any other exclusive right be exercised, 
without the permission of the author. Copyright owners are entitled to take legal action against persons who infringe 
their copyright. A reproduction of material that is protected by copyright may be a copyright infringement. A court 
may impose penalties and award damages in relation to offences and infringements relating to copyright material. 
Higher penalties may apply, and higher damages may be awarded, for offences and infringements involving the 
conversion of material into digital or electronic form. 
Unless otherwise indicated, the views expressed in this thesis are those of the author and do not necessarily 
represent the views of the University of Wollongong. 
Recommended Citation 
McCarthy, Kevin John, The alkaline hydrolysis of some ortho-substituted ethyl benzoates, Master of 
Science thesis, , University of Wollongong, 1971. https://ro.uow.edu.au/theses/2733 
Research Online is the open access institutional repository for the University of Wollongong. For further information 
contact the UOW Library: research-pubs@uow.edu.au 
THE ALKALINE HYDROLYSIS OE
SOME ORTHO-SUBSTITUTED ETHYL BENZOATES
A thesis
submitted for the degree of 
Master of Science
by
Kevin John MCCARTHY, _B.Sc.,Dip.Ed. ,i3.Ed. (QLD)
Wollongong University College, 
University of Wew South Wales.
February, 1971.
898371
' C O N T E N T S
ABSTRACT (v)
AIMS 1
INTRODUCTION 3
(a) Kinetic said Thermodynamic Relationships 3
(i) Derivation of Kinetic Equations 3
(ii) Reaction Rate Theories 5
0 0  Mechanisms of Esterification and Saponification .
Reactions 10
(i) Esterification 10
(ii) Saponification 11
(c) Free Energy of Activation 12
(i) The Linear Free Energy Principle 12
(ii) The Ortho Effect 14
(d) The Isokinetic Relationship 17
(e) Theory of Ultraviolet Absorption Spectra 21
(i) Electronic Transitions 21
(ii) The Beer-Lambert Law 22
(iii) UV Spectra of Substituted Benzenes 22
(iv) Solvent Effects 24
EXPERIMENTAL 26
(a) Preparation of Esters 26
(b) Purification of Dioxan 31
(i)
(c) Kinetic Techniques 34
(i) Techniques Previously Used to Study Ester• Hydrolysis 34
.. (ii) Techniques Used in This Project 37
(a) Titration Technique 37
 ̂ (b) Spectrophotometric Technique 39
(iii) Preparation of Solutions 40
(iv) Ultraviolet Absorption Spectra of Esters 42
(d) Comments on Experimental Technique 53 .
(i) Preparation of Solutions - 53
(ii) Standardisation of Sodium Hydroxide 54
(iii) Carbon Dioxide Contamination 54
(iv) Ester Concentration 56
(v) Problems Involved in Temperature Control 57
(e) A Problem with Solvent Impurity 60
(ii)
COMPUTATION OP RESULTS 68
(a) Rate Constants by the Spectrophotometrio Technique 68
(i) Kinetic Equation 68
(ii) Calculation of the Rate Constant 71
(iii) The Value of A* 72
(iv) Cell Absorbance . 77
(v) Volume Correction Factors 77
(vi) Computation of Rate Constants 77
(vii) Program for Calculation of Rate Constants
from Absorbance Data 78
(b) Rate Constants by the Titration Technique 82
(i) Calculation of the Rate Constant 82
(ii) Program for Calculation of Rate Constants
from Titration Data 82
(iii)
(c) Calculation of Average Rate Constants and Thermo­
dynamic Parameters 86
(i) Calculation of Thermodynamic Parameters 86
(ii) Calculation of Average Hate Constants 86
(iii) Program for Calculation of Average Hate Con­
stants and Thermodynamic Parameters ' 88
RESULTS 91
(a) Kinetic Huns 92
(b) Summary of Hate Constants 117
(c) Average Hate Constants and Thermodynamic Activation .
Parameters 119
DISCUSSION 120
(a) Comparison with Hates in the Literature 120
(b) Assessment of Substituent Effects on the Hate
Constants (Free Energies) 124
(c) Assessment of Substituent Effects on the Enthalpies
of Activation 127
(d) Assessment of Substituent Effects on the Entropies
of Activation 130
(e) Solvent Effects on the Hate Constants 133
(f) Solvent Effects on the Enthalpies of Activation 136
(g) Solvent Effects on the Entropies of Activation 137
(h) The Isokinetic Relationship 139
‘ Uv)
Ci) The Spectrophotometric Technique 14-1
(i) Advantages 141
(ii) Disadvantages 142
(iii) Effect of Ionic Medium 143
(iv) Compounds not suited to this technique 144
(v) Comments on results obtained 145
(3 ) Summary of Results 145
(k) Suggestions for further Research 146
APPENDIX 148 
BIBLIOGRAPHY 157 
ACKN OWLED GMENTS 1 b4
(v)
A B S T R A C T
Rate constants for the saponification of four 
ortho substituted benzoic esters have been measured over a 
range of temperatures in 6 0 (w/vj dioxan-water, using a 
spectrophotometrie technique for following the rate of reaction. 
The results for one compound, ethyl o-toluate, have been checked 
by a titration technique.
Thermodynamic activation parameters have been 
calculated for the esters studied, and their values have been 
discussed in terms of substituent and solvent effects.
The ultraviolet spectra of five other esters 
have been measured in the solvent indicated. The spectrophoto­
metrie technique has been found to be unsuitable for the study 
of rates of saponification of these esters, and the applica­
bility and facility of this technique have been discussed.
Difficulties have been encountered due to the 
reaction of hydroxyl ion with a solvent impurity, 2-methyl-1, 
3-dioxolane, but aqueous dioxan has been found to be a suitable 
solvent for the study of ester hydrolysis reactions if it has 
been carefully purified.
1.
A I M S
In the Taft method of analysing substituent 
effects into polar and steric components the range of ortho 
substituents for whiob substituent parameters O'* end Es are 
available is limited to the following nine substituents:
OCH^, OEt, F, Cl, Br, I, CH^, NOg, CgH^. From many points of 
view it would be desirable to increase this range and this 
project is intended to be an exploratory study of the feasib­
ility of measuring Taft parameters for new substituents in 
terms of the original ester hydrolysis definition.
The evaluation of a Taft cr- parameter for a 
given substituent requires a determination of the rates of both 
acidic and basic hydrolysis of the ester containing that sub­
stituent. The majority of previous studies of acid catalysed 
ester hydrolyses have been made in aqueous acetone solutions 
while aqueous alcohols have been the most favoured solvents for 
alkaline studies of this reaction. As a result a large number 
of Taft cr values have been derived from measurements in which 
the acidic and basic hydrolyses were carried out in different 
solvents. With the increasing awareness of the importance of 
solvation factors in substituent effects it is clearly desirable 
that all measurements required for cr values (as well as Es
values) should be made in a single solvent. Neither of the two 
solvents mentioned (aqueous acetone and aqueous alcohol) j,s 
really suitable for studies under both acidic and basic
2 .
conditions and one purpose of this investigation is to examine 
the possibility of using aqueous dioxan as a general solvent 
for such studies. Some previous workers had reported diffi­
culties with this solvent.
Since the commencement of this work (1967), 
considerable doubt has been thrown on the relevance of the Taft 
analysis to ortho substituent effects by the work of Charton. 
This has given a particular topicality to these studies.
A further aim of this work is to investigate 
the adequacy of a spectrophotometric technique for the study 
of the hydrolysis of ortho substituted benzoic esters.
3 *
I N T R 0 D U C T I 0 N
(a) KINETIC AND THERMODYNAMIC RELATIONSHIPS
(i) Derivation of Kinetic Equations
A bimolecular reaction of the form
A + B — > products,
whose rate is first order with respect to the concentration
1 2of each component can have its rate represented 9 by
= k2(a-x)(b-x),
where a and b are the initial concentrations of components 
A and B respectively, x is the concentration of A or B reacted 
at time t, and k2 is the second order specific rate constant. 
If initially a = b,
§§ = k(a-x)2.
When integrated between the limits x = 0 — >x and 
t = 0 — >• t,
x
a(a-x) kt. (1)
If reactant B is present in large excess 
(relative to A), the reaction displays pseudo first order 
kinetic form with respect to the concentration of reactant A, 
and the rate equation can be represented by
dx
dt k1(a-x), (2)
4 -
where k^ is the pseudo first order rate constant, and
k̂j — • • • • • (3)
b being assumed to be constant during the reaction, i.e. 
b-x = b.
When equation (2) is integrated between the limits 
x = 0— >x and t = 0-->t,
In = k.t. ......... (4)a-x I
If the concentration is measured spectrophoto- 
metrically, from the Beer-Lambert law (see page 22), 
providing the wavelength of the incident radiation is constant,
a
a-x
A p -  Aco
^t _
(5)
where A , A, and A are the absorbances initially, at time t, o x 00
and at infinite time respectively. 
Equation (4) becomes
n  ̂AQ ~ ^
ln - A. “ k1t’"t 00
# • • • • (6)
which can be written
c-ln(At - Aw ) = k ^ , (7)
where c is a constant.
5 .
(ii) Reaction Hate Theories
The first attempt to relate the velocity of a 
chemical change to reaction temperature was made by 
S.A. Arrhenius in 1889 in a study of the acid catalysed 
inversion of cane sugar.
He proposed that
-E /RT 
■ k = Ae a ( Ö )
where k is the specific reaction rate constant, A and Ea 
are empirical constants, R is the molar gas constant and 1
is the absolute temperature.
-E /RT
The term e a is the expression derived 
from the Boltzmann distribution for the fraction of a 
molecular system having energy' in excess of Ea . Arrhenius 
interpreted E a as the energy threshold required to make a 
molecule "active", i.e. able to react, and this energy term 
has become known as the "energy of activation".
The pre-exponential term A has the same units 
as k, and is often referred to as the "frequency factor", 
although it only possesses frequency units for a first order 
reaction.
The Arrhenius equation is the most frequently 
used method of quantifying the temperature dependence of rates 
of reactions and similar physical processes . Equation (s)
6 .
may be re-written as
log k =
-Ea
2.303R
1
T + log A,
from which it is clear that plots of log k against ( /'!*)
should be linear (and values of Eo and A may be obtained froma
such plots) providing both E and A are independent of 
temperature .*
The mechanical interpretation of the factor A
is not clear.' Attempts were made in bimolecular reactions to
10equate A with the collision number Z , which is given by 
the kinetic theory equation
Z = c rA,B 8 7T k-gT mA + mB mAm3
1
2
where Cr^ -g is the mean collision diameter of molecules A and
B, k-g is the Boltzmann constant (gas constant per molecule),
and m A and nw, are the masses of the molecular species A and B. A JD
This gives a relationship of the form
k = BT1//2e“S//RT ........  (9)
and implies that the Arrhenius A factor is not constant with
1/2temperature, but is proportional to T ' .
Some reactions between simple ions in solution
* Ironically, the data for the inversion of sucrose on which 
Arrhenius based his theory exhibit a significant variation 
in E with temperature (11).
7 .
*12 . / \were found to be in quantitative agreement with equation (9;?
i.e* A = Z, but many reactions were found to be much slower 
than predicted by the collision theory, and for these reactions 
a probability factor P was introduced into the equation,
k = PZe“2^ 1 .
—8 .Values for P ranged as low as 10"” , and various
hypotheses which evolved to explain these low factors were
13never generally regarded as adequate .
Another weakness of the collision theory
is that for a reversible reaction it postulates that
k. -(E1 - E?)
: xc - —  - p _L----£ >“ k2 " e RT
14
_ e-AH/RT • • • • * ( 10 )
where K is the equilibrium constant, the subscripts 1 and 2 
refer to the forward and reverse reactions respectively, and 
the collision numbers Z and Zp disappear because they are 
e qual.
The expression (10) can only be true if the 
reaction involves no entropy change, i.e. AH is independent 
of temperature.
8 1GThe Theory of Absolute Rates postulates
a "transition complex" which is in equilibrium with the 
reactants, and calculates reaction rate as the rate at which 
this complex decomposes to form products.
8 .
The reaction rate is calculated by applying 
statistical mechanics to the theoretical potential energy 
barrier which the transition complex must cross in the vibrational 
mode which will produce products.
k^T *
k = K • • • •
where k is, the specific reaction rate constant, k-g
.*  ’
From this theory is derived the relationship
. (11) 
is the
Boltzmann constant, K" is the equilibrium constant for the 
equilibrium between the reactants and the transition complex, 
and is a transmission coefficient to allow ior the probability 
that not every complex reaching the top of the potential barrier 
decomposes to form products.
the form
The expression (1 1 ) gives a relationship of
k = B'Te-E//:RÏ,
and implies that the Arrhenius A factor is proportional to 
T (cf. equation (19))*
The transmission coefficient ^ is significantly
17less than unity for only two classes of gas phase reactions ,
but for reactions involving a simple ion in solution, e.g. OH“ ,
18may be taken as unity .
_, vThe equilibrium constant K in equation 01; 
may- be expressed in terms of free energy change by the familiar 
thermodynamic equation
AG- ‘ = -RTlnKT
9 .
where AG- is the standard free energy change for the formation 
of the transition complex from the reactants•
faking ^ =s 1 , equation ( 11 ) becomes
v m aG­, B1 Hfk s T e
*
-X-If AB is replaced by its equivalent
AG* = AH*-TAS*
(13)
(14)
equation (13) may be written as
k =
k-,TXB3
r
AS*/R -AH*/RT e ' e f (15)
where AH is the standard enthalpy of activation for the
•X*reactants to form the transition state, and AS is the 
standard entropy change for the formation of the transition 
state. '
solution,
It can be shown 
Arrhenius* energy of
19 , ̂that, for reactions in 
activation
E = AH*+RT, ......... (16)a
and since at normal temperatures for reactions in solution
*1 "X"RT is small, (= 600 cal mole“ ), the term AH in equation (16) 
can be regarded as approximately equal to 2 , ’
Comparison with equation (16) indicates that 
the Arrhenius equation (Equation (8)) is not able to take 
into account the entropy of activation, which for ester saponi­
fication reactions is a significant term, and it does not allow
1 0 .
for the variation of the pre-exponential term with temperature. 
Equation (15) has been preferred to equation (8) in assessing 
the rate-temperature relations in this project.
(b) MECHANISI.1S OP TERIFICATION AND SAPONIFICATION REACTIONS
(i) Esterification
- 20The generally accepted mechanism of esteri­
fication involves the reaction of an alcohol molecule with the 
carbonyl oxygen atom of the acid, followed by the elimination 
of a water molecule.
0 0 
R - C - OH + R'OH R - C - 0 - R' + H„0
Disregarding steric factors, the rate of the 
reaction is dependent on the electron attracting powers of 
the carbonyl carbon atom, and this can be increased by the 
presence of an acid catalyst. The reaction is initiated by 
the attack of a hydrogen ion on the carbonyl oxygen atom.
This provides a charged substrate (I) which is more readily 
attacked by the alcohol molecule.
0 OH
R - C - OH + H+ ;z± R - C - OH + r 'oH
I
on 0
— > R - C - OH « ,
R _ ¿H ' i = ? R - C - 0 R  + H30+
©
II
The complex II forms the ester by elimination of a
water molecule and a proton.
(ii) Saponification
Saponification of esters is frequently referred 
to as base catalysed, but, because hydroxyl ion is consumed 
in the reaction, Bender points out that it should be more 
rigorously termed "nucleophilic-promoted hydrolysis“.
22 2^Benzoic esters are known * to react by 
2 Awhat Bay and Ingold term the B ^ 2  mechanism, referring to 
a base catalysed bimolecular reaction involving fission of the
acyl-oxygen bond.
0
R - C - Or ' + OH
©
slow 0
Z R - C - OR
OH
fast 0î
R - 0 - O' R OH
The hydroxyl ion attacks the carbonyl carbon 
atom to form the SP^ transition complex I. The complex then 
decomposes to form the acid anion and alcohol in an irrevers­
ible reaction. One notable feature of the saponification
reaction is that in contrast to the esterification reaction
25it goes to completion. Bender has provided evidence for
the existence of a tetrahedral intermediate similar in
_structure to the SP transition complex l by studies of
12.
carbonyl oxygen exchange between esters and solvents.
(c) FREE ENERGY OF ACTIVATION
As indicated in equation (13), it is the free
energy of activation (AG ) which governs the rate of a chemi-
26 27cal reaction at constant temperature 9 , and factors which
vary AG affect the rate of a reaction.
For the purposes of this project consideration
of the factors affecting the rates of alkaline hydrolysis of
ortho-substituted benzoic acids will be limited to substituent
&effects and solvent effects. .
It is common to resolve free energy of acti­
vation thermodynamically into enthalpy of activation and 
entropy of activation by equation (14)
. AG* « AH* - IAS* ........  (14)
and substituent and solvent effects on a H* and a S* are dis­
cussed later under the headings Enthalpy of Activation and 
Entropy of Activation.
(i) The Linear Free Energy Principle
One approach to the effect of structure on 
reactivity involves the study of Linear Free Energy relation­
ships. Hammett noted that a large number of substituted
* It is assumed here that all the esters in a series react by 
the same mechanism. This assumption may not be valid in 
specific cases (28,29).
1 3 .
benzene side-chain reaction series obeyed a relationship of 
the form
log k ■og KKo (17)
where k and kQ are the reaction rate constants of the substit­
uted said unsubstituted compounds respectively, K and K are 
some other reaction constants for the substituted compounds 
(e.g. acid ionisation constants), and p is a constant specific 
to the particular reaction series considered.
Equation (17) implies that the free energy
change
• £aG- = log k - log kQ
produced by a substituent in one type of reaction is proport­
ional to the free energy change produced by introduction of 
the same substituent in another type of reaction.
Hammett chose as his reference reaction series 
the ionisation constants of benzoic acids in water at 25°G., 
and defined
• o  = log |
o
as the substituent contribution to the free energy of 
activation of a substituted compound so that
log f = 0 0 “ ......... (18)
o
By their mode of definition, Hammett's sigma 
values are positive for electron withdrawing substituents
1 4 .
(which increase "the degree'of dissociation of benzoic acids)* 
and negative for electron releasing substituents. The value 
of the rho constant is specific to a particular reaction 
series, and for the ionisation of substituted benzoic acids 
has a value of +1.00. At the most elementary level, if the 
rate of a reaction is more sensitive to an electron withdrawing 
substituent than is the dissociation of its corresponding 
benzoic acid, P'will have a value greater than + 1 .00, and 
vice versa. When comparing p values for two reaction series 
measured at different temperatures, however, this simple 
interpretation of the magnitude of p must be applied with 
caution (see part (d)).
1̂Jaffe tested the Hammett equation on 371 
reaction series, and found it to correlate these data to an 
acceptable level of significance for approximately 30^ of the 
series studied. Jaffe also noted that very many reaction 
series which obeyed the Hammett equation, contained one or 
two substituents having a significant deviation from the 
relationship.
The Hammett equation fails for reaction series
32 ^3in which steric effects influence the reaction rate ~ ? ,
and saponification reactions of ortho substituted benzoic 
esters are one series which do not obey the Hammett equation.
(ii) The Ortho Effect
Taft 34 considered ortho substituent free
energy effects to be composed of independent contributions due 
to polar, resonance, and steric effects of the substituent.
3 5 »Following on a suggestion of Ingoid , he 
represented the polar effect of an ortho substituent as
O -
*
274ÏÏ (log(|)ko B
lo^
a k A ?
where the subscripts B and A represent basic and acidic ester 
hydrolysis. Taft reasoned that steric and resonance effects 
are constant for hydrolysis in both media, and the observed 
change in free energy between these series can be attributed 
solely to the polar effect of the substituent. The factor 2.48 
represents an arbitary constant ‘chosen to give seme 'correspond­
ence between Taft's and Hammett's substituent constants.
For a reaction series in which resonance 
effects are not significant, he then assumed
log | = f o r  + Ss ,
where E "is the steric contribution to free energy change, s
He then reasoned from Hammett p values of 
meta and para substituted benzoates that acid catalysed
hydrolyses of esters are influenced by polar effects to a
¥:neglible extent, i.e. 0 = 0 .  From this assumption, 2 can
Bs - log (f)
0 A
be calculated as
for a substituent which does not conjugate with U u0 benzene
ring.
-K-Values of 0̂  are calculated relative to nyarogen 
as the standard substituent, i.e. ethyl benzoate is the 
reference compound. But ethyl benzoate exhibits resonance 
between the benzene ring and the carbonyl group, and for this
reason is not used as a reference compound for the calculation
of B values. In ethyl o-toluate the presence of the ortho
substituent hinders this'resonance by forcing the carboxyl
06group out of the plane of the ring  ̂ , and values of £s are 
calculated relative to the methyl group.
The Taft analysis, produces results that are in
good agreement with other data, such as electronegativities,
dipole moments and van der Y/aal*s radii. Its application to
ortho substituents has, however, been subjected to recent
37severe criticism by Charton .
Table 1 lists some Taft values for (h , L‘ , and,s
for purposes of comparison, Hammett substituent constants for 
para substituents (O^). A negative value for Eg indicates that 
the substituent exerts a larger steric effect than the methyl
gr oup
1 7 .
TABL3 1
Substituent Constants
38-40
Substituent cr- T “\IE.
o c h 3 -0.39 +0.99 -0.27
c h 3 -0.17 0.00 -0.17
II 0.00 — 0.00
C l +0 . 20 +0.18 +0.28
Br +0.21 +0.00 +0.23
I +0.21 -0.20 +0.28
’ ( a ) THE IS0KINETI 0 BELA'TI0HSHIP
For many reaction seri es, a plot of
AH* against AS" is 41linear . This :is not altogether
surprising, since many factors which affect AH*" would tend
exert a rate compensating effect on AS . For example, an 
electron withdrawing ortho substituent in basic ester hydro­
lysis lowers a H , and the increased solvation it produces also 
• +lowers AS . Steric strain and steric inhibition of solvation 
tend to counteract each other in a similar fashion,
/ ^ +A linear clot of AH against AS implies tnat
"X*AH = p AS + const. ,
where fi is the slope of the line.
c
Plot of rate constant against
FIGURE 1
1 9 .
For two points on the line designated by the 
subscripts 1 and 2,
AH2* - A n y  = p (AS 2* - AS
that is,
SAH* = pSAS* .
Prom the relationship
. * *- * AG = AH - TAS ,
SAG* = SAH* - ISAS* 
Substituting from equation (19),
SAG* =• g SAS* - ISAS• X- .(SAH )
1 )
*
(19)
(2 0)
Equation (20) shows that when 1 equalsp
■X* "7Tthe free energies of activation AG-̂  and AG-2 are equal, and 
theoretically both reactions would proceed at the sane rate, 
leffler called the temperature p the isokinetic temperature.
. As illustrated in Figure 1, the isokinetic
temperature is a. point of inversion of relative reactivities 
within a series. A reaction which is the slowest in a series 
below the isokinetic temperature is the fastest above it. In 
comparing the effects of structure and solvent on reactivity 
it is therefore important to consider rates at more than one 
temperature.
20
Prom equation (20) it can be seen that vhien 1 
is less than £, the relative magnitudes of free energy of 
activation follow those of the enthalpy of activation, but when 
f is greater than ,8 entropy of activation exerts the mag or 
effect on free energy, one! hence reaction rate.
Various properties have been postulated for
4-2series that have an isokinetic point. Leffler has
pointed out that a linear enthalpy-entropy relationship 
indicates that all compounds in the series react by the same 
mechanism.
Brown and Newsom empted to rationalise
reaction series on a linear free energy basis by drawing lines 
of constant slope (P = 310°K) through sets of points, and 
considering the distances between the lines as substituent 
contributions to free energy. Their conclusions may be 
criticised on the grounds that the linearity displayed by 
many of their reaction series may have been caused by random 
errors in measurement. Random error tends to be distributed 
along a line whose slope is the experimental temperature.
Exner has suggested a method for indicating 
a true isokinetic relationship by considering the variation 
of rate constants rather than activation parameters, and this 
method will be discussed later.
Alkaline hydrolysis reactions of substituted 
benzoic esters have been shown to obey the isokinetic
2 1 .
relationship ^1*45 ^
(e) THEORY OF ULTRAVIOLET ABSORPTION SPECTRA 
(i) Electronic Transitions
Molecular species are capable of absorbing 
electromagnetic radiation in the ultraviolet region of the 
spectrum by electronic excitation. Ultraviolet absorption 
produces excitation of bonding or non-bonding electrons, 
and the wavelength at which the absorption takes place is 
governed by the energy of the electronic transition being ' 
observed, i.e. the energy difference between the electronic 
ground state and the level to which the electron is excited.
In molecular orbital terms, the major trans­
itions involve excitation of electrons in o- and n bonding 
orbitals to higher unoccupied bonding orbitals, or to anti­
bonding orbitals. In addition to this, non-bonding electrons 
in atomic orbitals may be excited to bonding or antibonding 
molecular orbitals.
The intensity of the absorption observed for 
a particular transition depends on the quantum mechanical 
probability that the transition can take place. A transition 
which is ’’allowed" from symmetry considerations ’will produce 
strong absorption, and a ’’forbidden’’ transition will produce 
absorption of low intensity.
Because electronic energies in molecules are
2 2 .
affected by distributions in rotational 
energy levels, their absorption spectra
and vibrational
do not exhibit discrete
frequency patterns, as do atomic spectra,; but appear? as drffu: 
bands or peaks. i‘he number of peaks obtained in the spectrum 
of a chromophore depends on the complexity of its structure 
and the multiplicity of the transitions available to it.
(ii) The beer-Lambert Law
The intensity of absorption of monochromatic 
radiation by a species is related to concentration by the 
Beer-Lambert equation. .
1 nc *——u o = £ cd, (2 1)0
where I and I are the intensities of incident and transmitte-Q o
light respectively, c is the concentration of the species in
moles per litre, d is the path length of the abosrbing solution
in centimetres, and £, the molar extinction coefficient, is
specific to the species being examined.
I
The quantity log is defined as the absorb­
ance of the solution (A), and equation (21) becomes
A = £cd.
(iii) UV Spectra of Substituted Benzenes
The benzene chromophore absorbs in three bands 
which are listed in Table 2. These bands are all produced
by excitation of delocalised tz electrons
. 46ring .
n er
TABLE 2
Absorption Ifaxima, of B^nz r° n 0
Amax. (millimicrons) £ max.
180 60,000
200 7,400
254 204
Of these* the band at 254 nn is the most 
accessible for measurements in the liquid phase.
When 3. substituent is introduced in the benzene 
ring* two effects are observed. The first is that the energy 
levels of the benzene electrons are altered, both by the 
inductive and resonance properties of the substituent. An 
electron releasing substituent tends to increase the electronic 
energy level of the ring , causing a rea (oarnocnromie; 
shift in the benzene spectrum, and increasing the intensity 
of the absorption. An electron withdrawing substituent has 
a less predictable effect. Its inductive effect serves to 
lower the electronic energy level. But most electron with­
drawing substituents are capable of conjugating with the 
benzene ring, producing an increase in length of the conjugated 
system which lowers the gap between the highest occupied and
. The resultant spectrum maylowest unoccupied energy levels
24
or may not exhibit a bat ho chromic shift relative to benzene.; 
but the intensity of absorption in the higher bands is once 
again increased.
The second substituent effect results fieri the 
asymmetry produced in the benzene ring. The 0— > 0  transition 
(transition from electronic ground state to the ground state 
level in the electronic excited state) is forbidden in benzene; 
but appears as a weak peak at longer wavelengths in many nono-
now *substituted benzenes, e.g. A = 264 mu, b r = itiliCUA • * *
Substituents which interact strongly with the benzene ring, 
e.g* nitro, do not produce this transition ^  .
Disubstituted benzene rings exhibit the effects 
of both substituents additively if the substituents do not 
resonate with the ring. If the substituents are capable of
interaction with the ring, their effects on the spectrum may
, A Q 'cancel eacn other ‘ .
(iv) Solvent Effects
• A reaction in which am ionic species is formed
from a neutral substrate produces a blue (hypsochromic) shift, 
accompanied by a decrease in intensity of absorption. Per 
example, the 0— >0 transition in benzoic acid (273 nju, C  = 970.) 
shifts to 268 mu, £ _ „  = 560 for benzoate ion in water. This 
effect is caused by increased solvation of the ionic species 
which lowers the electronic energy levels of the chromophore.
This effect applies in the saponificati on of
substituted benzoic esters
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E X P E R T  M E N T Á L
(a )  PREPARATION OP ESTERS
I n  a l l ,  e ig h t  o rth o  s u b s t it u t e d  e t h y l b enzo ate  
e s t e r s  were p rep ared  from  the a p p ro p r ia t e  b e n z o ic  a c id ,  th e  
o rth o  s u b s t it u e n t s  b e in g  a c e t y l?  b e n zo y l? c h lo r o ,  m ethoxy, 
n it r o ?  phenoxy, p h e n yl and m e th y l g ro u p s. I n  a d d it io n ?  
e t h y l  benzo ate was a v a m ia b le  as la b o r a t o r y  s to c k ?  and was 
p u r if ie d  by vacuum d i s t i l l a t i o n *  Seven o f the  ortho  
s u b s t it u t e d  b e n z o ic  a c id s  re q u ir e d  f o r  e s t e r  p r e p a r a t io n  were 
a v a i la b le  c o m m e rc ia lly . The re m a in in g  one? o -p h e n o x yb e n zo ic  
a c id ,  was s y n t h e s is e d  from  o -c h lo r o b e n z o ic  a c id .
O rtho b e n z o y lb e n z o ic  a c id  was a v a i la b le  o n ly  
a s  th e  m onohydrate, and i t  was n e c e s s a r y  to c o n v e rt t h is  in t o  
th e  anhydro us form  b e fo re  p ro c e e d in g  w it h  the e s t e r i f i c a t i o n .
. F o r two e s t e r s  t r i a l  b a tc h e s were p re p a re d , 
b o th  fro m  th e  a c id  c h lo r id e  and v ia  the F is c h e r - S p e ie r  
e s t e r i f i c a t i o n  method* B oth methods were found to g iv e  com­
p a ra b le  y i e l d s ,  and the  P is c h e r -S p e ie r  method was used f o r  a l l  
e s t e r s .
on
The a c id  v/as r e f lu x e d  w it h  a f o u r  aches 
one e x ce ss  o f e th a n o l f o r  s e v e r a l  hours« The e x ce ss of 
e th a n o l v/as n e c e s s a r y  to  fo r c e  th e  e c u i l i b r i u n  to  the r
o
V/as us e g as th e Cv L* <0. .̂
.t o f the a lc o h o l i n  '
r e a c t io n 50
On c o m p le tio n  o f r e f lu x in w  u n re a c te d  a c i a
was n e u t r a l is e d  w it h  sodium  ca rb o n ate  s o lu t io n ,  and the lo w er 
e s t e r  la y e r  was se p a ra te d « The re m a in in g  aqueous la y e r  was 
e x t r a c t e d  tw ic e  w ith  carb o n  t e t r a c h lo r id e ,  and the e x t r a c t s  
added to  th e  e s t e r .  The e s t e r  s o lu t io n  was washed tw ic e  , 
w it h  w a te r, d r ie d  w ith  anhydro us magnesium s u lp h u r s ,  and 
f i l t e r e d .  The carb o n  t e t r a c h lo r id e  v/as e v a p o ra te d , and l i q u i d  
e s t e r s  were p u r if ie d  by vacuum d i s t i l l a t i o n .  S o l id  e s t e r s  
were p u r if ie d  by r e c r y s t a l i i s a t i o n  from  a 2 5;T w a t e r -e t h a n o l 
m ix t u r e .
o f p u r it y  f o r  
e s t e r s .  The
The r e f r a c t iv e  in d e x  v/as used 
l i q u i d  e s t e r s ,  and the  m e lt in g  
p h y s ic a l  c o n s ta n ts  o f the e s t e r s
as a c r i t e r i o n  
p o in t  fo r  s o l id  
a re  l i s t e d  in
T a b le  3
2 8 .
TABLE 3
Ester j3.J (o b served ) ni ( r e c o r d od)
ethyl o-ac etylbenzoat e 1.5138 (20)* 1.5122 (25)
ethyl benzoate 1.5062 (19) 1.505 (20)
ethyl o-chlorobenzoate 1.5219 (20) 1.522 20
ethyl o-methoxybenzoate 1.5220 (21) 1.524 (20)
ethyl o-p henoxyb enzo at e 1.5595 (24 1.564-6 (19)
ethyl o-phenylbenzoate 1.5728 (21) ' 1.5741 17)
ethyl o-toluate 1.5082 (21) 1.508 (20)
M,•Pt.(observed) M.Pt.(recorded)
ethyl o-benzoylbenzoate 58°G. 58°0 •
ethyl o-nitrobenzoate 30°C. 30°C •
* Figures in brackets are the temperatures at which :n-Q was
measured.
f
+ Refractive index relative to the sodium D line.
(ii) Esterification from the Acid Chloride
The acid was dissolved in Benzene and refluxed
with an excess of thionyl chloride (1.1 moles to 1) until 
hydrogen chloride evolution ceased. Excess thionyl chloride' 
was distilled off, and the acid chloride was purified by 
vacuum distillation.
2 9 .
The a c id  c h lo r id a  was packed i n  ic e *  and a 50k 
e x ce ss  o f e th a n o l was added d ro pw ise  from  a d ro p p in g  f u n n e l.  
T h is  was a llo w e d  to  sta n d  u n t i l  e v o lu t io n  o f hydrogen c h lo r id e  
c e a se d . The e s t e r  was p u r if ie d  by vacuum d i s t i l l a t io n « ,
( i i i )  Y ie ld s
Y ie ld s  o b ta in e d  were i n  the v i c i n i t y  o f 70k  
o f the t h e o r e t ic a l  y i e l d  excep t f o r  the o -b e n z o y l compound 
( 30k ) ,  and th e  o - n it r o  compound ( 35k )*  The poor y ie ld  of 
th e  fo rm e r e s t e r  was caused by the re p e a te d  r e c r y s t a l l i s a t i o n s  
n e c e s s a r y  to  o b t a in  the  d e s ir e d  degree of p u r it y .  'The o rth o  
n it r o b e n s o ic  a c id  was slow  to  e s t e r i f y .
( i v ) P r e p a r a t io n  o f A nhydrous o -B e n z o y lo e n z o ic  A c id
The a c id  m onohydrate was d is s o lv e d  i n  benzene, 
se p a ra te d  from  the aqueous la y e r ,  and d r ie d  w it h  anhydro us 
magnesium s u lp h a t e .  The s o lu t io n  was f i l t e r e d  and concen­
t r a t e d ,  and th e  a c id  was p r e c ip it a t e d  by a d d it io n  of 
p e tro le u m  e th e r ( b .p .  6 0 -8 0 °0 .)  to  the hot s o lu t io n ,  fo llo w e d  
by c o o lin g  i n  i c e .  The m e lt in g  p o in t o f the  anhydrous a c id  
obtained was 1 2 7 °C .  (Recorded 127- 128° C . ) .
( v ) P r e p a r a t io n  o f c -P h e n o x y b e n z o ic  A c id
o -C h lo ro b e m z o ic  a c id  was n e u t r a l is e d  w ith  
p o ta ss iu m  ca rb o n a te  s o lu t io n ,  and the p o ta ss iu m  s a l t  c r y s t a l ­
l i s e d  out and d r ie d .  P o ta s s iu m  o -c h lo ro b e n z o a te  (30 g . ) ,  
p heno l (2 1  g . ) ,  and copper powder ( 1 . 5  g . ) was heated fo r
J 0
two h o urs i n  an o i l  b a th  a t a te m p e ra tu re  o f 1 6 0 ~ 1 7 0 °C . u n t i l  
th e  m ix tu re  became d a rk  green*
' T h is  was e x t r a c t e d  w ith  d i lu t e  h y d r o c h lo r ic  
a c id ,  n e u t r a l is e d  w it h  sodium  ca rb o n a te  so lu tio n « , and f i l t e r e d  
The f i l t r a t e  was e x tra c te d  th re e  t im e s  w it h  e th e r  to  remove 
u n re a c te d  p h e n o l, and th e  aqueous ph a s s  was a c id i f ie d  w it h  
c o n c e n tra te d  h y d r o c h lo r ic  a c id  end e x tr a c t e d  tw ic e  w it h  e t h e r .  
The e th e r la y e r  was d r ie d  w it h  anhydro us m agnesium  s u lp h a t e , 
f i l t e r e d ,  and e v a p o ra te d . L ig h t  brown c r y s t a l s  o f im pure 
o -p h e n o x y b e n z o ic  a c id  were o b ta in e d .
The a c id  was p u r if ie d  by s h a k in g  w it h  a c t iv a t e d  
c h a r c o a l i n  benzene s o lu t io n ,  e v a p o ra t in g  th e  benzene, and 
r e c r y s t a l l i s i n g  from  25f° a lc o h o l-w a t e r  s o lu t io n .  The m e lt in g  
p o in t  was 114° G . ,  i n  agreem ent w it h  the re co rd e d  m e lt in g  
p o in t .
(b ) PU R IFICA TIO N  OF DIOXAN
K in e t ic  s t u d ie s  c a r r ie d  out i n  d i lu t e  s o lu t io n s  
o f aqueous o r g a n ic  s o lv e n t s  a re  p a r t i c u l a r l y  prone to  e r r o r s  
due to  im p u r it ie s  I n  th e  o rg a n ic  component of the s o lv e n t*
F o r t h is  re a s o n  c o n s id e r  a id e  c a re  was ta k e n  i n  the  p u r i f ic a t io n  
o f th e  d io x a n  u se d .
The i n i t i a l  method used f o r  p u r i f ic a t io n  o
d io x a n  was t h a t  d e s c r ib e d  by K ra u s  and V in g e e j i -i + 'r i  q > jl </ r— o
d i s t i l l i n g  between 100- 103° C .  b e in g  c o l le c t e d .  The d io x a n  so
f o r rO h o u rs
-j- U -, une _ _L t
o  
o b ta in e d  was f r e e  of carb o n  d io x id e  and w ater 
t e s t e d  by i t s  r e f r a c t iv e  in d e x .
s p u r ir y  was
n | °  = 1.4215
00
n-rj re c o rd e d  = 1 .4224
S in c e  d io x a n  on s t a n d in g  i s  known to  form
52 53
p e ro x id e s  w hich  may be d a n g e ro u s ly  e x p lo s iv e  ? , c a re
was ta k e n  th a t  i t  was never d i s t i l l e d  down to  a s m a ll volume 
Poor y i e l d s  (ab o u t 507°) of s o lv e n t  were o b ta in e d  by t h is  
te c h n iq u e , and two methods were used to im prove on I t .
( i )  A q u a n t it y  o f c y c lo h e x a n o l was added to 
the d io x a n  d u r in g  the f i r s t  r e f lu x .  C y c lo h e x a n o l i s  h ig h  
b o i l in g  ( B .P t .  1 6 1 ° C . )  and n o n -a z e o t ro p ic  w ith  d io x a n  ? 
and a c t s  as a " c h a s e r “ d u r in g  d i s t i l l a t i o n .  I t  d i lu t e s  
r e s id u a l  h ig h  b o i l in g  p e r io x id e s  i n  d io x a n , and a llo w s  the
3 2 .
maximum q u a n t it y  o f d io x a n  to  be d i s t i l l e d
( i i )  Stan no us c h lo r id e  was added to  the f i r s t
-i 5 3  5 5r e f l u x  * . Stan no us io n  re d u c e s  p e ro x id e s  p re se n t i n
th e  d io x a n , w h ich  may th en  be d i s t i l l e d  i n  s a f e t y .  I t  was 
found th a t  th e  stan n o u s io n  caused some of th e  d io x a n  to  be 
h y d ro ly s e d  to  e th a n o l d u r in g  r e f l u x .  The y i e l d  im proved to  
about bO/t when th e  d io x a n  was shaken w ith  sta n n o u s c h lo r id e ,  
f i l t e r e d ,  and th e n  r e f lu x e d  w it h  sodium  h y d ro x id e .
L a t e r  i n  th e  p r o je c t  k in e t ic  d i f f i c u l t i e s  were 
en co u n tered  (se e  page 6 0 ), w h ich  were t r a c e d  to the p resence 
o f g ly c o l  a c e t a l  ( 2 -m e t h y l - 1 ,  3 -d io x o la n e )  i n  th e  s o lv e n t ,  
and methods 5 2 ,5 5 -8  were examined to  e l im in a t e  t h is  
im p u r it y .
C o m m ercia l d io x a n  was shaken w ith  stan n o u s 
c h lo r id e  and f i l t e r e d .  I t  was th e n  r e f lu x e d  w it h  1 1T h yd ro ­
c h lo r ic  a c id  ( 1 1 0  m l. per l i t r e  o f d io x a n ) f o r  12  h o u rs .
The r e f lu x  was c a r r ie d  out i n  a stream  of o x y g e n -fr e e  n i t r o ­
gen, w h ich  a c t s  as a c a r r ie r  gas f o r  a c e ta ld e h y d e  formed when 
g ly c o l  a c e t a l  i s  h y d r o ly s e d .
0
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fn e  d io x a n  was c o o le d , s a tu ra te d  w ith  n o ta ss iu m  
hy o: r  o x i de p e l l e t s ,  and dec ant e d f  r  om the r e s  u l  t  i  n r  ao ue ous
33.
l a y e r .  I t  was a g a in  s a tu ra te d  w it h  p o ta ss iu m  h y d ro x id e  to  
remove w a te r, and th e n  r e f lu x e d  f o r  12  h o u rs o ver sodium  
m e t a l,  w hich  was r e p le n is h e d  from  tim e to  tim e* "Then a l l  the 
w ater had been removed from  the d io x a n  the sodium  rem ained 
b r ig h t ,  and th e  d io x a n  was d i s t i l l e d  under an hyd ro us c o n d it io n : 
A good y i e l d  (ab o u t 00%>) o f  d io x a n  of b o i l in g  p o in t  101- 102° C .  
was o b ta in e d , and t h i s  was s to re d  under n it r o g e n .
The d io x a n  had th e  f o llo w in g  p h y s ic a l  c o n s t a n t s : -
m. ot. 11. 8 ° C .  n-1 1.4221JJ
20R e c o r d e d :-  1 1 . o C .  n^ 1.4224
S in c e  d io x a n  vapor i s  t o x ic ,  a l l  o p e ra t io n s  
were c a r r ie d  out i n  a fume cup b o ard .
PREPARATION OP SOLVINT
The s o lv e n t  u se d , 60 '% w ./v .  d io x a n /w a te r  was 
p rep ared  by m ix in g  5b m l. o f d io x a n  ( d e n s it y  = 1 .0 3 4  g.cc"*1 
a t  20° C . )  w ith  42 m l. of w a te r. The w ater used was d i s t i l l e d ,  
and d e io n is e d  by p a s s in g  i t  th ro u g h  a " D e m in r o lit  “ia r h  V I I u 
d e io n is e r .  I t  had an averag e co nd uctance o f 0.6  m icrom ho/cm .
_> T  «
(c )  K IN E T IC  TECHNIQUES
I n  1866 Trie io x lo w : c o s e r vc 3onc°'
k i n e t i c  methods were made by r COUTT 01
* A lth o u g h  u n q u e s t io n a b ly  e v e ry  chem1 O n a i  r e a c n o n  : 
governed by c e r t a in  g e n e r a l law s r e l a t in g  to  the 
q u a n t it y  of the su b sta n c e s  
te m p e ra tu re  and p h y s ic a l  s
> r. 1 +  I't t r n  vi ^  —1 -.'I v. -J- /— r-,
e x tre m e ly  l im it e d .  I n  
p o s s ib le  both to  s t a r t
ar ta k in r?ó in JL u? JCIIei  !_L-, l>p>3 and -U0he J-Ui m3 “tl-l -L .
T the nu rq V*ill Jer 0I ‘O ,3
“P 0 Ifese s pr cic 0.i eO0,
i r s t d1 ac e , *1 » s b
er rri nat Til •VImiC/ htvJ"Cg c:
Ln the n exA­u y 0 »Ti m0r
0f the a ct io n illUs -U0JL-U on ex aeT" and i- 0 c.-r
Q. O oun ■«J of chcli l r;’rs
be q u a n t it a t i v e l y  determ ined« L a s t ly ,  a l l  th e  con­
d it io n s  o f th e  r e a c t io n  must be m e a su ra b le , 
le a s t  d e f in a b le ,  and some o f them s u s c e p t ib le  or 
m o d if ic a t io n  a t  w i l l ,  t h a t  th u s the .0-1
-
or a 0
mi f
p of
each may be exam ined1
( i )  T e c h n iq u e s Used to Study* A lk a l in e  E s t e r  H y d r o ly s is
t h y l b e n so ares has
C P
on te c h n i ques me 5 oo'
r  r~
o rd e r 0 ve r  a l 1 op ^
been s tu d ie d  c l a s s i c a l l y  by use o f t i t r a t i o n iq u  
These r e a c t io n s  a re  e s t a b lis h e d  as second  o v e r a l l  
f i r s t  o rd e r w it h  re s p e c t  to  b oth the  e s te r  and the  h y d ro x y l 
io n  c o n c e n t r a t io n s . C o m p u tatio n  o f r e s u lt s  can be s in i p l i f i e  
by u s in g  e q u a l c o n c e n t r a t io n s  o f e s te r  and h y d ro x y l io n  
i n i t i a l l y  ^  ? and t r e a t in g  the r e a c t io n  as second o rd e r
w it h  re s p e c t  to  one component (se e  page 3 ) .
The r e a c t io n  can be c a r r ie d  out i n  a b u lk  
s o lu t io n ,  w ith  a l iq u o t s  o f a p p ro x im a te ly  lO y of the t o t a l
a t  r e g u la r  in t e r v a ls
3 c, O !r e a c t io n  b e in g  w ithdraw n
or a b a tc h  te c h n iq u e  may be
mVi
yea in w hich th e  r e a c t  m e  s
ime Of' mi x i  n g no o ed , an et une
b e i "H CT ~CX-> noted
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o p e ?  O  J -  O o f b en zo l -\i y , o ,  .o; e j  "0
a c id  medium i s  slow  compared w it h  the r a t e  in  
F o r exam ple9 ile w lin g  and H in sh elw o o d
' " 1 . CV.Ì- • : ¡Ti
DO r e p o r t  Ko ro(
f o r  th e  a c id  h y d r o ly s is  o f e t h y l  benzoate i n  60m aqueo:
r-7 -1ace to n e  as 1 .2 9  x 10 l . n o l e  s e c . , and k oc-o^¿J o • f o r  tn<
a l k a l in e  h y d r o ly s is  o f th e  same compound i n  the same s o lv e n t
__ __ -i — -j
as 3*8 x 10  l .m o le  s e c . . _
f a c t o r  o f about 10^ i n  r a t e s  o f b a s ic  to r a t e s  o:
These f ig u r e s  i l l u s t r a t e  a
n n- w /w
h y d r o ly s is .  T h is  d if f e r e n c e  i n  r a t e s  j u s t i f i e s  the u s u a l 
te c h n iq u e  o f q u en ch in g  the r e a c t io n  w ith  an e x ce ss  of sta n d a rd  
h y d r o c h lo r ic  a c id .  S in c e  h y d ro x y l io n  i s  removed as the 
r e a c t io n  p ro c e e d s, th e  p ro g re s s  o f the  r e a c t io n  can be m easured 
by b ack t i t r a t i o n  o f the h y d r o c h lo r ic  a c id  w it h  sta n d a rd  sodium  
h y d ro x id e  s o lu t io n .
Of the two t i t r a t i o n  te c h n iq u e s  m entioned above, 
th e  method of e x t r a c t in g  sam ples from  a b u lk  r e a c t io n  m ix tu re  
has l i m i t a t i o n s .  As sam ples a re  p r o g r e s s iv e ly  removed from  
th e m ix t u r e , the  f r e e  volume i n  the  r e a c t io n  c o n t a in e r  i n ­
c r e a s e s ,  and w it h  i t  s o lv e n t  v a p o r is a t io n .  V a p o r is a t io n  of 
s o lv e n t  a l t e r s  the r e a c t a n t  c o n c e n t ra t io n s  i n  th e  r e a c t io n  
m ix t u r e , and, i n  th e  case  of a mixed s o lv e n t ,  p r e f e r e n t ia l
v a p o r is a t io n  a l t e r s  the c o m p o s it io n  of the s o lv e n t  m ix tu re .
 ̂c 3 ̂
n ach  o f th e se  f a c t o r s  can e f f e c t  th e  k in e t ic s  c
. .  67-69r e a c t io n  .
The method o f m aking up h a tch e s o f 
m ix t u re s  i n  s m a ll s e p a ra te  c o n t a in e r s  overcomes t h i s  problem , 
and i f  th e  f r e e  space w it h in  a c o n t a in e r  i s  k e p t to a minimum, 
s o lv e n t  v a p o r is a t io n  i s  m in im is e d . T h is  te c h n iq u e  a llo w s  a 
r e a c t io n  to  be c a r r ie d  out under an in e r t  atm o sphere, such as 
n it r o g e n ,  more r e a d i l y .
3 .C .  Chauncy ^0 s t u d ie d  the r a t e s  o f h y d r o ly s is  
o f  o rth o - s u b s t it u t e d  e t h y l b en zo ates by a c c n d u c t im e t r ie  
te c h n iq u e . As the  r e a c t io n  rem oves h y d ro x y l io n  from  the 
m ix t u r e , i t s  p ro g re s s  i s  fo llo w e d  by m e asu rin g  the e l e c t r i c a l
r e s is t a n c e  o f the r e a c t io n  m ix t u r e , w hich in c r e a s e s3 w:
The h y d r o ly s is  of s u b s t it u t e d  b e n z o ic  e s t e r s
W r*7 ry j-
has a ls o  been s t u d ie d  by sp e c tro p h o to m e tric  methods ° /* 1 1
m »,
u l t r a v i o l e t  ab so rb an ce  of tin
an be fo llo w e d by 0 s r  r-i> _  v .------- o
C? •vi’COO C-l ( deo reas i or -- '-v ^
t im e . a r* ^o'liiv/C swee; ^r 0p h o to m e tric
methods can o n ly  be used w ith  v e ry  low e s t e r  cone n  u_l‘ aa jl  ons
(ab o u t a la r g e  e x ce ss o f h y d ro x y l io n  i s  u se d , and
th e  r e a c t io n  obeys pseudo f i r s t  o rd e r k i n e t i c s .  G-o:
71
DSP -ITT
and F in k e ls t e in  
as h ig h  as 0 .5 1k
used c o n c e n t r a t io n s  of sodium  h v d ro x id e
Of the  k in e t ic  methods su rve ye d  he.
0 H u i *
i -  c r a t io n  te c h n iq u e  i s  most u n iv e r s a l l y  u s e fu l,,  b e in g  l i m i t  
o n ly  by r e a c t io n s  w h ich  a re  v e ry  f a s t  i n  s o lu t io n ,  su ch  as 
th e  h y d r o ly s is  o f e t h y l  o -b e n z o y l benzoate ^2 0
( i i )  K in e t ic  fe e  h r~l o r ~ s Use r this Pro 1 set
The m a jo r te c h n iq u e  used i n  t h i s  work was a 
s p e c tro p h o to m e tr ic  method. How ever, i n i t i a l l y  tw e lve
e x p lo r a t o r y  k i n e t i c  ru n s  were c a r r ie d  out on e t h y l o - t o lu a - 
u s in g  a t i t r a t i o n  te c h n iq u e . T h is  method was d is c o n t in u e d  i n  
fa v o u r  o f th e  a b s o rp t io n  te c h n iq u e  b 
o f  u s in g  la r g e  q u a n t it ie s  o f d io x a n  
la b o r io u s ly  r e f in e d  (se e  page 32) .  
th e  t i t r a t i o n  method were i n  good' ag
s u b s e q u e n tly  o b ta in e d  by th e  sp e c tro p h o to m e tr ic  method.
ause or une poor econom
Iv e n t w h ich had been
The r e s u l i s o b ta in e d  by
ement W ith  1:he r e s u lt s
( a) The T i t r a t i  on T echn iq u e
I n  t h i s  te c h n iq u e , s o lu t io n s  o f e s t e r  and sodium• ^
h y d ro x id e  were p re p a red  o f e q u a l c o n c e n t r a t io n  -  a p p ro x im a te ly  
0.1  M. These s o lu t io n s  were b ro u g h t to  r e a c t io n  te m p e ratu re  
i n  a th e rm o sta te d , s t i r r e d  w ater b a th . B a tc h e s of r e a c t io n  
m ix tu re  were th e n  made up by m ix in g  5 m l. of e s t e r  w it h  5 m l. 
o f sodium  h y d ro x id e  s o lu t io n .  The m ix in g  was c a r r ie d  out w it h
o,
as th e  tim e  a t  w hich  h a l f  the
The tim e o f m ix in g
e s t e r had ru n  in t o  t
tu re ! O C<L s u •3 = h m
t ale1
o n ya ro x ic le
j  = 0 . 0  pii
The r e a c t io n s  viere c a r r i ed out i n  t e s t  tu b e s o:
FIGURE 2
T it r a t io n  o f S tro n g  Ä c id  w ith  S tro n g  Base
s
15 m l. c a p a c it y  to  w hich  g r o u n d -g la s s  jo in t e d  cape co u ld  ha 
fa s te n e d  w it h  s t a in le s s  s t e e l  s p r in g s .  The t e s t  tu b e s were 
s e a le d  said c lip p e d  onto a su p p o rt t o t a l l v  immersed 
b a t h ? te n  b a tc h e s  b e in g  p rep ared  f o r  each r u n .
n UilvJ ; C-'- b •
A t s u it a b le  t in e  in t e r v a l s ,  th e  t e s t  tub C3 HO'i'l rO
.te r and poured in t o 5 ml . of s t a
h y d r o c h lo r ic  a c id . The c o n c e n tr
b a tc h  was e stim a te d bvu Ip  0  0  I t  "1—ì -y* cm m  0  L>
th e  quenched b a tc h  w it h  sta n d a rd  sodium  h y d ro x i
n o n  or
crampon or
0l u t io n .
The t i t r a t i o n s  were c a r r ie d  out w ith  a u to m a tic  
t i t r a t i o n  a p p a ra tu s  c o n s is t in g  o f a R ad io m eter T 2 T l( c )  
t i t r im e t e r ,  an A3U1(a ) d ig i t a l - r e a d in g  a u t o b u re tt e ,
SBR2 (c )  1 T ITR IGRAPH1 re c o rd  o r . The capa c i t y o f th e  autobu
was 2 .5  m l. , and the volume o f t i t r a n t co u ld u e measured t
w it h in  -0 .0 0 2 m l. on a d i g i t a l re a d o u t s c a le . ! S Cl "Ì g jJ ;71 ”
e n d -p o in t  was e s t im â t ed by a ss ocn.ating the d i WÌ L au r  e ad out
w it h  th e  pH-volum e of t i t r a n t g rap h  produced on xha re co rd :
(se e  R ig . •
C\J S in c e  a l l io n s  were c ?  “h  y *  r\ 1 <->* 0  0  ~  '  _ c*  p  v »  r\ y~\<->X U L J .  O j .  ' J j :
base ty p e , the e n d -p o in t  v ; a s e a s i l y i d e n t i f i a b le  as the p e in t
o f maximum ^  „  . p  - t1 1 1 !  J L j _  • u p He c t io n  — —  AV 01 che curve . R e a c t io n s  s u re
fo llo w e d  f o r  a t  le a s t  two h a l f - l i v e s .
lb )  The S p e c tro p h o to m e tric  Techn in u e
As o u t lin e d  l a t e r ,  problem s were encounte: 
v / it h  the ab so rb an ce method, and th e se  brought w ith  them
v a r ia t io n s  i n  te c h n iq u e .
The r e a c t io n s  were c a r r ie d  out _
c e l l s  i n  an O p t ic a  CP4 u l  t r  a v i  o l  et /  v i  s i  h i  e s p e c t -  op hot err
 ̂, all the
r e a c t io n s  s t u d ie d  were m o nitored i n  
mi 1  l i  mi c r  on s •
r.* 7.
The u l t r a v i o l e t  so u rce  was a d e u te riu m  lam p, an
c. p\ j- \J-¿ _  4
The r e a c t io n  te m p e ratu re  was m a il : cv-L Xj-c; w i-'.V
pumping th e rm o sta te d  w ater th ro u g h  a b ra s s  b lo c k  under the
m e ta l c e l l  h o ld e r*  The te m p e ra tu re  i n  a c e l l  co u ld  be m o nitored 
th ro u g h o u t the r e a c t io n  by in s e r t io n  o f a t h e r m is t o r  probe 
a tta c h e d  to  a B ig it e c  d i g i t a l  therm om eter, r e a d in g  to  Cm02'
The w ater was pumped from  a Tamson th e rm o sta t c i r c u l a t in g
r\ g\ VJ r*t
b a th  whose h e a te r  was c o n t r o lle d  by a Jumo e l e c t r i c a l  conti u do u
therm o m eter• To p re ve n t the h e a te r  from  o v e rs h o o tin g  the 
re q u ir e d  te m p e ratu re  when o p e r a t in g  n ea r am bient * the Juno was 
k e p t i n  a s w it c h in g  s t a t e  by pumping r e f r ig e r a t e d  w ater th ro u g h  
c o o lin g  c o i l s  in s id e  the Tamson u n it*
( i i i  ) P r e p a r a t io n  o f S o lu t io n s
f r e e  co n c e n tra te dA b u lk  s o lu t io n  of carbonate 
sodium  h y d ro x id e  was prepared w ith  d i s t i l l e d  d e - i  erased  
w a te r ^2 and sto re d  i n  a p o lyth e n e  c o n t a in e r .
Taxed d io x a n -w a te r  s o lv e n t  was p rep ared  as 
d e s c r ib e d  p r e v io u s ly  (se e  page 33) -  Sodium h y d ro x id e  s o lu t io n  
o f the r e q u ir e d  concen or a t io n  was prepared by aa g _l iig  
c o n c e n tra te d  c a r b o n a t e -f r e e  s o lu t io n  dro pw ise to th e  prepared
s o lv e n t .  The c o n c e n t ra t io n  of a l k a l i  used v a r ie a rnc
t em pera tu re  and th e  speed o f e aerei on«  ̂ p _r*  ̂̂c-l-.iA» _L V-- :u^—-
s t u d ie s  was i n  th e  range 0 .0 111 to  0 .211 ini s
of 2 to  40 d ro ps of c o n c e n tra te d  s o lu t io n  in  50 O —
The s o lu t io n  th u s  p rep ared  was t r a n s f e r r e d  to  
20 m l. p o ly th e n e  m e d ic a l d is p e n s e r s ,  equipped w it h  d ro p p in g
n ip p le s  and screw  caps« The s o lu t io n s  were s t a n d a r d is e d  by
n ix in g  w it h  an e x ce ss o f sta n d a rd  h y d r o c h lo r ic  a c id ,  and 
t i t r a t i o n  w it h  sta n d a rd  sodium  h y d ro x id e  s o lu t io n .  The 
t i t r a t i o n s  were c a r r ie d  out w ith  th e  a u to b u re tte  as d e s c r ib e d  
on page 39* '
The a l k a l i  s o lu t io n  th u s p repared and s t a n d a r d is  
was in tro d u c e d  in t o  1 on« q u a rtz  sp e ctro p h o to m e te r c e l l s  from  
th e  p o lyth e n e  d is p e n s e r s .  The c e l l s  were f i l l e d  a lm o st to  the 
to p  no m in im is e  f r e e  space and s o lv e n t  v a p o r is a t io n ,  and 
s"coppered w it h  t e f lo n  s to p p e rs . The c e l l  to be used as a 
b la n k  f o r  ab so rb an ce m easurorients was a ls o  f i l l e d  w it h  a l k a l i ,  
and th e  s o lu t io n s  were th e n  p la ce d  i n  the sn e ctro n h o to m e te r
w it h  th e rm o state d  w ater c i r c u l a t in g  u n t i l  a co n st : j- c. l> i.*_L c
had been a c h ie v e d . The te m p e ratu re  of the c e n t r a l  c e l l  
m o n ito re d  w ith  the d i g i t a l  re a d o u t therm om eter.
A c o n c e n tra te d  s o lu t io n  of e s t e r  i n  aqueous
 ̂- -1*
t h is  s o lu t io n  to the  a l k a l i  i n  a c e l l  produced an
d io x a n  was p re p a re d , such th a t  a d d it io n  or one o: o cro p s o: 
“ ' ce
o f ab out 0 .7  a t  the  w avelen g th  u se d . Because of 
s o l u b i l i t y  o f some e s t e r s ,  i t  was som etim es necce
UJ- Ju:.
low
prepare this solution with a higher proportion of
The e s t e r  so? r t io n  was added d r cowl
a l k a l i  s o lu t io n  as r e a c t io n  te m p e ratu re  * and was ; 
stan d  u n t i l  th e  r e a c t io n  m iu tu re  had re c o v e re d  an 
lo s s  caused by the mixing*.
A minimum o f  tw e lv e  Tim e-A bsorbanc-: n. n' chv-v.
were ta k e n  d u rin g ; the r e a c t io n ,  and each ru n  was fo llo w e d  f
a t le a s t  two h a l f - l i v e s  ( 75?)•  Time was re a d  to  the n e a re s
h a lf -m in u t e  w it h  a sto p w a tch , and the te m p e ra tu re  o f t l
m o n ito re d  c e l l  was k e p t c o n s ta n t  to  w it h in  0 . 1 °( - i U U 11
o f a ru n  the te m p e ra tu re s  o f the  o th e r two c e l l s  were ta k e n  
A t te m p e ra tu re s  n ea r am bient th e se  were u s u a l ly  the same as 
th e  c e n t r a l  c e l l ,  but a t h ig h e r  r e a c t io n  te m p e ra tu re s  th e se  
v a r ie d  by as much as 0 . 2 ° C ,  d epend ing on t h e ir  p o s it io n s
w it h in  the  c e l l  compartment nune r e a c t io n  te m p e ra tu re  ic :
th e se  c e l l s  was ta k e n  as t h a t  f i n a l l y  m easured
( i v )  U l t r a v i o l e t  A b s o rp t io n  o f A s t e r s
aoue ous aiO-Aan
The e st e r  s were
C . f o r cf O to  t
; y* o of the esters
37 üd continuous
est 0 -1 in alkalin
ove O? nd the
Cía OI ai tanne '
tec 3̂3r C_L.A0 u.
u n t ie  the r e a c t in
was complete. The blank alkaline solution was
o f f s e t  any a b s o r p t io n  cau sea by s e 1  v e n t - a l k a l i  rea.'
rage 'od)
was m e n  r c c o m
the u l t r a v i o l e t  sp ectrum  o f t ie
* co m p a riso n  ox m e  sp e ctru m  ox e sa o r a: 
a n io n  i n  e q u a l c o n c e n t r a t io n  showed t h a t  o n ly  fo u r  o f the 
e s t e r s  (se e  f a b le  3) produced peaks w hich  were fw— w Cv «1.  n  —. 0-1
s t u d y in g  c o n c e n t r a t io n  cnange c u r in g  s a p o m iic a x io n .  u:y \ j~ v
P < >
« vJ' ■“  i i Jre m a in d e r, fo u r  d id  not produce 0 — > 0  t r a n s it io n s  ^ F ig s*
and the e s t e r -a n io n  s p e c t r a  of e t h y l benzo ate o v e rla p p e d  too 
much to  be s u it a b le  ( F ig n  ) t t -  -j - - '  - J .  / J ♦ O x  U J . .et spec 0 -L r\ • ► ^a u i cue
F ig u r e s a~\ ,—«• ¡ j. 4
~ r o  oO J -  wx ^ CO * *' c t v e le n g th
.... ^ !> ¿iX- O i-j
mom t ile  e s t e r -a n io n  sp e c ^ m  - « -cow-. ( ,o .<— v.;p.p 
s e le c t e d  a t w h ic h  ab so rb an ce was m easured d u r in g  k in e t ic  ru n s  
As f a r  as p o s s ib le ,  the s e le c t e d  w ave le n g th  
th e re  was no r e s id u a l  a n io n  a b so rb a n c e , dut i t  was not 
a lt o g e t h e r  p o s s ib le  to  a v o id  r e s id u a l  ab so rb an ce  d u r in g  
th e  ru n s  (se e  page 74 ) -  'w avelengths 
n o n ito re d  are  l i s t e d  i n  1 able  3 o
1 v V-* n- H o o Q "a o v-f ^o v lx ^ _  C  i i  c  o  u j .  o  V. vx _  <x
Ó
V /avsl enwths Used to  measu v* 7̂ Q-n C'* n 31 * -u ’Z" w  ̂-w
nk/omoound V/av e le n a th  (mp~)
x t h y l o -t o lu a t e 290
x t h y l o -c h lo ro b e n z o a te 293
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(d ) COMMUNIS OÎT IS P E R IIIS R ÏA L  2?ÏCH2TIQU3 
( i )  P r e p a r a t io n  o f S o lu t io n s
method us ed ■n-- /"s ̂  -L- W j- prspara d .Ion cl '» Ci o ?
(see page 40 ) intr 0(luces S _lA. (‘til d
s o lv e n t coneosi no.u j £j _L.ili conesntrat
ro x id e solution is addod dropwi s3 u 0
n -w a t er idolvent « «• u ü n maxim.mu o- r'iV* J. i.
ri O o rv 1 ~ < r O ' “t r a t io n  used ( 0 .2 1 1 ) ,  the volume o f c o n c e n trâ t  
added i s  l e s s  th a n  one p e rc e n t o f the s o lv e n t ?  and i t  i
c o n s id e re d  t h a t  t h is  v a r ia t io n  would n o t have a s i g n i f i
o (-)
e f f e c t  on the r a t e  c o n s ta n t ■ «
A s a tu ra te d  s o lu t io n  was used to  a v o id  ca u a
c o n ta m in a tio n  o f th e  a l k a l i «  and i t  was not i easiole
s a t u r a t e  the mixed s o lv e n t  w it h  sodium  h y d ro x i 
would cause d io x a n  to  come out o f s o lu t io n .
As d e s c r ib e d  above (se e  page 42)?
s in c e  u n i
the e st
u.j. S-L w.
was in tro d u c e d  d ro pw ise  in t o  s ta n d a r d is e d  a l k a l in e  aqueou 
d io x a n  i n  th e  c e l l s .  The a ssu m p tio n  made i s  t h a t  the add: 
o f one drop of e s t e r  s o lu t io n  (about 0 .0 2  m l.)  to  a 3 ‘m l, c e l l  
o f s t a n d a r d is e d  sodium  h y d ro x id e  s o lu t io n  has a n e g l ig ib le  
e f f e c t  on the c o n c e n t r a t io n  o f th e  s o lu t io n .  ih e  e r r o r  
in tro d u c e d  would be le s s  th a n  one p e rce n t? and t h is  was 
c o n s id e re d  to  be a c c e p t a b le , Ih e  ad van tag es o f t h i s  te c h n ic s  
a re  t w o f o ld :-
( 1 )  The c o n c e n t r a t io n  o f e s t e r  i n  the c e l l
it)
n o ".m 'ar \_J J .  V.y w- ' 1 >
,t Â,
m *n r S o ora er wi .
der \ ' v dV f .JU th  r c -
“w H p,Üi-i. U/ L du c o n s l* c
h/ i*> v> '--J
a d ju s t e d  by a l t e r in g  the c o n c e n t r a t io n  of Vi
s o lu t io n .  S in c e  the r e a c t io n  i :
th e  e s t e r  (se e  page 71) and zero  o r  w i .e re c t  to 
r e l a t i v e  e x ce ss  o f h y d ro x y l io n ,  
ent o f i n i t i a l  e s t e r  c o n c e n tra t io n »  .
(2 )  T h is  te c h n iq u e  a v o id s  u n n e c e ss a ry  exposure or 
s o lu t io n s  to  the a i r ,  w ith  the a s s o c ia t e d  r i s k  o f carb o n  d ie ::  
a b s o r p t io n . A b s o rp t io n  o f carb o n  d io x id e  lo w e rs  th e  c o iic e n - 
t r a t io n  o f h y d ro x y l io n  i n  the- s o lu t io n ,  and in t r o d u c e s  e rro r  
in t o  the r a t e  c o n s ta n t .
( i i )  S t a n d a r d is a t io n  of Sodium  H yd ro x id e
The method o f m ix in g  a s o lu t io n  sam ple w it h  exc 
h y d r o c h lo r ic  a c id ,  and back t i t r a t i n g  w ith  sodium  h y d ro x id e , 
was employed because the a u to b u re tte  was b e in g  used f o r  o th er
t i t r a t i o n  w ork, and i t  was not p r a c t ic a l  to  chance the n
,. ^  -j- ?..
LÀ. o  O f .f o r  a s m a ll number of r u n s . I t  was d e s ir a b le  to 
b u re t t e  f o r  s t a n d a r d is a t io n ,  as t h is  a llo w ed  mor 
use  of s o lu t io n s .
W h ile  the method o f back t i t r a t i o n  in t iu
w .  0 0 O "
 ̂rsv̂  /"NT'S 1
o  1— L U  C v J .
a d d it io n a l  so u rc e s  of e r r o r ,  the  r e s u lt s  o b ta in  
i s i n g  s o lu t io n s  were e x tre m e ly  c o n s is t e n t ,  the 
most ca se s b e in g  r e p r o d u c ib le  to  one th o u san d th
U UU c
( i i i ) C arbon D io x id e  C o n ta m in a tio n
The o v e r a l l  h y d r o ly s is  ra t e  i s  pro nor G io n n  to
th e  c o n c e n t r a t io n  o f  h y d ro x y l io n  i n  the s o lu t io :
R ate  = k iOT-T”!A . W i i  , i—
“1ji > * i'-XJ
I f  th e  a l k a l i  s o lu t io n  has been a llo w e d  eo 
ab so rb  carb o n d io x id e  from  the a i r ,  the r a t e  c o n s ta n t cb to ln e d  
w i l l  be lo w e re d .
2011“ + C0o-- > CO,2- + H„0t 3 d
Some r e s e a r c h  w o rkers ( e .g .  Chapman bd) ta k e  the 
p r e c a u t io n  of w o rk in g  under n it r o g e n  to e lim in a t e  t h is  problem , 
T h is  i s  p a r t ic u l a r l y  r e le v a n t  where a t i t r a t i o n  te c h n is u e  i s  
used and the s o lu t io n s  are  f r e q u e n t ly  exposed to  the a i r ,  but 
i t  was not c o n s id e re d  n e c e s s a ry  f o r  the o re se n t method.
S o lu t io n s  were made from  carb o n  d io x i de ir e e
UC-J.il J-jee !A iJ- cid io x s n  (se e  page 33) and f r e s h ly  d e io n is e d  wat 
b io x a n  was sto re d  under n it r o g e n , and measured from  a two way 
b u re tte  whose a i r  in t a k e  was f i l t e r e d  th ro ugh  so d a -a sb e sto s*  
C a r b o n a t e -f r e e  sodium  h y d ro x id e  s o lu t io n  was used to make up 
a l k a l i  s o lu t io n s  w hich were th e n  sto re d  i n  p o ly th e n e  d is p e n s e r^  
and th e  s o lu t io n  was fed from  the d is p e n s e rs  in t n  who r-n
w h ich  were stoppered*
S in c e  th e  s p c c tro p h o to m e tric  technique 
n o t in v o lv e  c o n s ta n t  re -e x p o s u re  o f the 
the a i r ,  i t  was c o n s id e re d  t h a t  th  
a b s o rp t io n  o f carb o n  d io x id e  had been p h v s ic a l lv  ni x-wn <^9 
and th e  r e p r o d u c ib i l i t y  o f r a t e  c o n s ta n ts  u s in g  s o lu t io n s  
o f d if f e r e n t  h y d ro x y l io n  c o n c e n t r a t io n  b e a rs t h i s  o u t .
u lie r e a CLion mineure u 0
U p 0 0 j.1 ü unr uil 'o’s j. or
T ho rs were g r e a t e r  o p p o rtu n it: 
a i r  c o n ta c t  when the s o lu t io n ! 
d io x id e  absorbed a t t h is  sta g ; 
o f the s t a n d a r d is a t io n ,  because the s o l a i i
cns v̂wre  G ocu^aar_lso d .
o cr ,o would not a f f e ct t
. c acid which WOUlc ; G.GO
any carbonate i on in Oi.*
'ide o olution n c o  r!ga o v_y Lx in JrhIf ¿a.
was p ro te cte d  from  carbon d io x id e  by tubes of soda
( i  w) E s t e r  C onc e n t r a t io n
The h y d r o ly s is  r e a c t io n s  were c* arris  
a la r g e  e x ce ss o f h y d ro x y l io n  over e s t e r .  The cb 
k in e t ic s  were pseudo f i r s t  o rd er w ith  re s p e c t  to e 
pseudo zero o rd e r w ith  re s p e c t  to h y d ro x y l io n .
To c a lc u la t e  the s p e c i f ic  r a t e  co nst, 
r e a c t io n ,  the pseudo f i r s t  o rd er r a t e  c o n s ta n t was 
by the  h y d ro x y l io n  c o n c e n t ra t io n .
R ate = w i (Esterj
k -  k 2 M
where k1 = pseudo f i r s t o rd er r a . 0 oo L_* — >n
k 2 = s p e c if ic  r a t e co nsta _« ~i t-a. -i. j. o .L w-j- v
The above procedure a Q 0  — <01 -h * > .“"i0 .i. iv. V 0 * J. ' f
sorbed i n  the  r e a c t io n
RCOOR 1 4- 0H~---- DECOCT 4- R * Oil
i s  n c g i ib le  compared to the o v e r a l l  h y d ro x y l io n  co
v
w hich  can be re g ard ed  as c o n s ta n t d u r in g  th 
The e s t e r  c o n c e n t ra t io n  wh c. c* gmnor ms as i
( J l o p a r in g  e v e ry  ru n  (se e  page i l ) ^
,-4
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about 10 Ivl. I f  i t  i s  as suns 
t r a t io n  i s  2 x 10 7;I, and the lo w e st h y d ro x y l io n  c o n c e n t r a t io n
A
used i s  150 x 10 ivl, th en  the p ercen tag e of h y d ro x y l i c  
i n  75 p e rce n t o f a r e a c t io n  would be 1 p e rce n t o f the c 
h y d ro x y l io n  c o n c e n t r a t io n . T h is  i s  the  maximum r 
e r r o r  w hich can be o b ta in e d  by t h is  aew ro xim atio :
>vvj b b_
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a s  s ta te d  above (page 4 0 )/ n \ U JL
were heated by th e rm o s t a t s ! w ater pumped by the Ia n s  or. 
c i r c u l a t i n g  h e a te r th ro u g h  a b ra s s  b lo c k  under the 
h o ld e r .
» Uy k~<- h -
The r e a c t io n  m ix tu re s  i n r. p. p.p i i p vx uno bti t
0 ilU
s u b je c te d  to  tem p eratu re  d i f f e r e n t i a l s  w it h in  r k s  e 
the o n ly  form  o f m ix in g  w it h in  a c e l l  would 
by n a t u r a l  convection, and the d is t u rb a n c e s  str ife  
th e  c e l l  h o ld e r  was moved i n  t a k in g  r e a d in g s .
O ther oroblem s r e !
u uh.
*■1 r\ x ' ‘
e la te d  to te m p aratu re  co n tr 
were th a t  i t  was not p o s s ib lo  a t h ig h e r te m p e ra tu ra s  to 1  
a l l  c e l l s  i n  the compartmont a t  the same t e m p e r a t u r a t h a '  
th e  te m p e ratu re  of a c e l l  had to  be m a in ta in e d  c o n s ta n t 
th ro u g h o u t the l i f e  o f tho r c a c t io ri Ti 0 ■"> c"1 ñ* •>'XX ̂ UiJ-U o „J.cu. o o ix.,
in a cell was a few degrees below the temperature . .  . u  W j - x
Jumo therm om eter, and i t  was not easy to re p ro d u ce  ru n s c 
e x a c t ly  th e  same te m p e ra tu re .
The D ig it e c  d i g i t a l  re ad o u t therm om eter was 
used to  m o n ito r th e  te m p e ratu re  o f one c e l l  c o n t in u o u s ly  
d u r in g  a r u n . I f  the  te m p e ratu re  s t a r t e d  to  d r i f t  i t  was 
p o s s ib le  to r e g u la t e  t h is  d r i f t  by a d ju s t in g  the  s w it c h !: :  
te m p e ra tu re  o f the  Jumo s l i g h t l y ,  and by t h is  means to 
keep the te m p e ra tu re  o f a r e a c t io n  c o n s ta n t to  w it h in  0 .1  
o f  a c e n t ig r a d e  d e g re e .
S in c e i t was mid a s ir a b le  to oVA '-V
p artn ien t d u r in g  a ru n , the tom p e ra tu re s  o f the
c e l l s  wer e measured a t the end o f each ru n . the
e
c
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b e in g  made t h a t  i f  the te m p e ratu re  of one c e l l  was maiim 
c o n s t a n t ,  then the  te m p e ra tu re s  o f the o th e r c e l l s  would 
be c o n s ta n t .
0 c.
m, :o n t r o l w it h in a c e l l would hm
; o p p c e l l s  in -a t s r  was
e l l  vm i l s ,  but o il e s e were not
a v a i l a b l e .
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(e ) A PROBLEM WITH SOLVENT IMPURITY
The i n i t i a l  method used f o r  d io x a n  pur i f  
was the method o f K ra u s  and V in g e e  (see  page 3 ^ .  
method was chosen because i t  produced d ry  carb o n  d io n i 
d io x a n , and i t  had p r e v io u s ly  been used s u c c e s s f u l ly  i.  
s t u d y in g  r e a c t io n  k in e t ic s  i n  aqueous d ie . •a .
U \J r, ~7 i o "V yj — .I n i t i a l  ru n s  c a r r ie d  out
e t h y l  o -c h lo ro b e n z o a te  by the s c e c tro e h o to m e tr ic  beehr
i n  the lo g A a g a i n s t u _Lft itj -p i y\ i 1 • *, ̂  m
s l i g h t , >J LL ¡o i t was mor Ci prono Luc c c c a r
te m p e ra tu re s  th a n  a t  low te m p e ra tu re s . S in c e  the r a t e  
c o n s ta n ts  were c a lc u la t e d  from  the le a s t  s c u a re s  shore 
th e se  p lo t s ,  th e  v a lu e s  so o b ta in e d  were in a c c u r a t e ,  a: 
p o in t s  d id  not f i t  on an ART ( lo g  "Vm v f s V . - J  p lo t .  : 
s e t s  o f d a ta  so o b ta in e d  a re  l i s t e d  i n  f a b le  l .  i t  
be noted th a t  the e f f e c t  i s  more pronounced a t the h ip : 
te m p e ra tu re  th a n  a t th e  lo w er te m p e ra tu re , and th a t  the
v a lu e s  o f k  so o b ta in e d  e re  lo w er n the tr u e  v; .U .
e x p e r im e n ta l te c h n iq u e
5 -fS ’P n ' a ,r¡ aa -J- o* A. -1- —— » * j- U/ a. .i UO were in tro d -uced i nto
C *“T'‘ rq; r; ̂ Ooo. r ̂. j. v » cm to found th a t s- men a s
as a b la n k in s t e a d  o f 'j c s o_
.y — o cu o ec, in d ic a t in g -A T ̂ ̂ jl. Ü lie.- o ~~ r*.uno
curvature may h avs been caused by ab so rb ance produced i :  
r e a c t io n  between the s o lv e n t  and a l k a l i  d u r in e  th e  co ura
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a run, This residual absorbance was not allowed for in the 
computation, and produced curvature in the results. It was 
possible to demonstrate that the remaining slight curvature 
was due to residual anion absorbance, as described 
later (see page 74), and this was computed out.
An investigation was carried out into the nature 
of the solvent/alkali reaction. It was found that if a fresh 
solution of sodium hydroxide in aqueous dioxan was prepared, 
and heated for a short while, the solution changed from being 
transparent to ultraviolet radiation in the region of measure­
ment (280-310mpJ to absorbing in this region.
The absorption produced, and the wavelength of 
its peak, varied with the temperature to which it was subjected
the time for which it was heated, and the concentration of the 
alkali used.
Figure 12 show’s the spectra of a sample of 
(1) dioxan-water solvent (2) .02 molar sodium hydroxide in 
dioxan-water solvent (3) the solution (2) after heating for
two hours at 75°C., and (4) the same solution af er sum:;
for one week at room term mature.
A known impurity in commercial dioxane is glycol
qp 7 3acetal (2-methyl-1,3-dioxolane) ’
0
CH- OH CHo
2-methyl-1,3-dioxolsn
CH,0
Glycol acetal is stable in the presence of
alkali, but is readily hydrolysed in the neutral and acidic
7 3solution to acetaldehyde .
0
CH. CÏÏ CH, H'
0
2 CEUCHO 0
■CH
In the Kraus and Vingee method of purification, 
dioxan is refluxed with sodium hydroxide and sodium. This 
treatment does not hydrolyse glycol acetal present in the 
dioxan.
When dioxan is diluted in aqueous solution, 
glycol acetal present can hydrolyse to acetaldehyde. The sol­
ution is then made alkaline and heated during the kinetic runs.
Acetaldehyde absorbs ultraviolet strongly at 
180 raji and gives a very small peak (8= 12) at 293 mpi .
However, the absorption at 293 mja is not sufficient to account 
for the absorption illustrated in Figure 12.
7hen acetaldehyde is heated in the presence of
alkali, it readily undergoes an aldol condensation
I . 76,77reaction 9 .
• OH
2 CH3CHO — CIi3CIICI-I2CIiO
OH
aldol
The aldol dehydrates on heating to 
unsaturated crotonaldehyde.
-H,;0
CH^CIi CHCIi 0 — - — > CH^CH = CHCH = 0
OH H crotonaldehyde
On further heating with alkali, the reaction 
cam proceed further to produce long chain conjugated 
aliphatic compounds. .
CH,CHO + CEUCH = CHCIIO ■ > CH, (CH = C H g  CIIO
 ̂  ̂ —H^O
2,4 - -hexadienal
■ ' OH”
c h 3 (c h  = c h )2 g h o + c h 3c h o q-> c h 3 (ch = c h )3 CHO
2,4,6 - octatrienal
Progressive chain lengthening of these con­
jugated compounds produces a bathochrornic shift in their 
wavelength of maximum absorption. The increase in wavelength 
appears in conjunction with a sharp increase in intensity of
the major K-band peak, produced by n -- > TX electronic
transitions ^  . -
The absorption characteristics of the compound 
mentioned above are listed in Table 5*
65 •
TABLE 5
Absorption Maxima ox Polyene Aldehydes ^9
Id— band R—b an cl
X max (raja) £max: A max ( nja ) 6 ma
Cr otonald ehyde 
CH^CH = CHCH = 0
217 15,650 320 19
2,4-hexadienal
c h 3(c h=c h )2c h = 0
271 25,000 366 30
2,46-octatrienal
c h 3(c h=c h )3c h = 0
315 37,000 360 28
Solvent : Ethanol
The molar extinct ion cooffici ents for the
minor R-band peaks are insignificant in comparison with the 
peaks in the K-band.
It is hypothesised that the absorbance produced 
when an alkaline solution of aqueous dioxan was heated, and 
illustrated by spectra (3) and (4-) in Pig. -J2, was due to the 
formation of condensed conjugated unsaturated aldehydes in 
the solution. The absorbing speoies could be produced by 
hydrolysis of glycol acetal, an impurity in dioxan, and 
successive condensations of the acetaldehyde so formed in the 
presence of hydroxyl ion.
Spectrum (4) in particular possesses a decisive 
peak at a wavelength of 3l5mjr, which corresponds to the major 
peak of 2,4,6-octatrienal. Its major absorbance is 0.7, and 
applying this and the stated extinction coefficient £ = 37000
to the Beer-Lambert equation C = Aed ’
this absorbance would be accounted for by a concentration of 
2 x 1CT5M. octatrienal.
The May and Baker commercial dioxan used has
O p.
been shown by Irving and Llahnot to contain glycol acetal 
as an impurity of 1$. If the impurity at this level was 
completely converted to 2,4,6-octatrienal in 60fj dioxan, the
p
concentration produced would be about 4- x 10 M., which 
indicates that the concentration noted above could easily 
result under non-optimal conditions.
As indicated on page 74, a final absorbance 
as low as 0.01 is sufficient to affect the results of this 
technique, so that any small concentration of a highly 
absorbing species would account for the difficulties 
encountered.
The method previously used for purifying 
dioxan was abandoned, and the method described by Fieser and 
others, and outlined on page 32 was adopted. This involved 
an initial refluering of dioxan with hydrochloric acid to 
hydrolyse glycol acetal to acetaldehyde. The acetaldehyde 
is removed as a vapor by a carrier stream of nitrogen during 
the reflux.
67.
When this method of purification was applied, 
considerable quantities of acetaldehyde were detected in the 
vapor• A fresh dioxan solution of sodium hydroxide was sub­
mitted to heat for 2 hours at 7 5°C., and the absorbance 
produced was much lower than encountered previously.
However, as small quantities of an absorbing species wore 
still produced, the kinetic technique was altered to use as 
blank a solution of alkaline aqueous dioxan similar to that 
used for the ester hydrolysis. This eliminates the effect 
of absorbance produced in a solvent-alkali reaction.
68.
COMPUTATION OP RESULTS
(a) RATE CONSTANTS BY THE SPECTROPHOTOLIETHIC TECHNIQUE
(i) Kinetic Equation
Hydrolysis of the esters studied was carried 
out in an environment of excess hydroxyl ion. Saponification 
reactions exhibit kinetics which are overall second order, 
i.e. first order with respect to both ester and hydroxyl ion 
concentration.
When hydroxyl ion is present in large excess, 
the rate of removal of ester is pseudo zero order with respect 
to hydroxyl ion, and first order with respect to ester con­
centration, so that the reaction shows pseudo first order
kinetics.
Rate
where k̂
rate constant.
k
k, first order
The relation assumes that the quantity of 
hydroxyl ion removed in the reaction
RGOOr ' + OH"— >RC0CT + R*0H
is neglible compared with the total hydroxyl ion concentration. 
As was shdwn previously (see page 57), in the reactions carried 
out the maximum concentration of hydroxyl ion removed is about
Lo
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FIGURE 13
First Order Plot.
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Second Order Plot.FIGURE 14
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1 $ of the initial concentration, and it is assumed that the 
use of first order kinetics in calculation of the rate con­
stants is justified.
In Figure 13 a typical set of data are plotted 
to the first order relationship, and produce a linear plot. 
Figure 14 illustrates the same set of data plotted to the 
second order equation, resulting in a curve.
The specific rate constant for the reaction 
was calculated by dividing the pseudo first order rate con­
stant by the hydroxyl ion concentration 
! k2 = k /  [OH']
(ii) Calculation of the Rate Constant
From equation (7),
c - ln(At - A*) = k^t, ........  (7)
k^ was obtained as the negative slope of the line of best fit 
plotted through the points ln(A^ - Aw) against t.
The method used for plotting the line of best 
fit was the method of least squares deviation from the linear 
regression equation, *
Y = a + bA, • • • • • (^2)
where Y = ln(A^. - A^)
and X = t.
The line of best fit is the line having the
72.
slope ^
EXEY - Ng-Y ■ 
(EX) 2 - KZX2 ■
and intercept
(23)
_ _ IXYIX - NIXY^ _ 1,1 9 " " ”"j Q 5
(EX) -  NX3r
where N = number of X,Y pairs.
(24)
The standard error of estimate of the line of 
best fit with respect to the data was calculated as
SE
I(Y  -  V 2 
"  (N - 1) (25)
where (Y - Y j  is the difference between a measured e
value of Y, and the value of Y predicted by the line of best 
fit.
The second order rate constant for the reaction
(l^) was calculated from k£ = 
— 1 — 11  mol sec . .
-b , k2 having the units
(iii) The Value of App.
Since, in the presence of excess hydroxyl ion
i _ _ »the hydrolysis reaction BCOOR + ObT---> RCOO + R OH will
Opgo to completion , AM should, in theory, be zero. However, 
for the esters studied A** was found to be significantly dif­
ferent from zero, presumably due to absorbance of the anion 
produced during the reaction. It was not possible to avoid 
this absorbance because the absorption peak of the anion
Ab
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Residual Anion Absorbance 
of ■
wavelength (Millimicrons)UV Spectrum of Ethyl o-toluate
FIGURE 15
74.
partially overlaps that of the ester. This effect was mini­
mised as far as possible by measuring on the "shoulder" of 
the ester peak. Figure 15 illustrates the residual absorbance 
of ethyl o-toluate.
The value of was found to depend on both 
the initial ester concentration and the wavelength at which 
absorption was measured. The values obtained for k were found 
to be quite sensitive to small variations in (see Table 6).
In computing rate constants from the experimental 
data, A^was assigned an initial value of zero, and the rate 
constant and standard error of estimate of the line of best 
fit were calculated from equations (22) - (25). This procedure 
was then repeated while incrementing A w by 0.010 until the 
standard error was minimised, and the value of Aw was taken 
as that which best fitted the points to a straight line. The 
values thus obtained for A*> are recorded with the results of 
each run, and vary from 0.000 to 0.070. It can be seen that 
the results obtained from similar runs are quite reproducible 
even though the computed values of A^ may differ.
The data in Table 6 illustrate the effect a 
small variation (0.020) in A*, has on the linearity of the 
plot and the computed rate constant.
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TABLE__6
Effect of Variation of A0o
RUN 4 ETHYL O-METHOXYBEMZOATE 44.6 BEG C.
Absorbance Time Calc. Absorbance Difference
.832 510.00 .824 .008
.699 960.00 • 694 .005
.500 1440.00 .577 .003
.461 2010.00 .464 -.003
.403 2370.00 .404 - .0 0 1
.347 2730.00 .352 -.005
.300 3120.00 .303 -.003
.214 4020.00 • .215 - .0 0 0
.190 4350.00 .189 .000
.155 4920.00 .152 .003
Least Squares Rate Constant = 0.7274E-02
A a, = 0.000
RUN 4 ETHYL O-METHOXYBENZOATE 44.6 DEG C.
Absorbance Time Calc. Absorbance Difference
.8 32 510.00 .834 - .0 0 2
.699 960.00 .698 .001
.580 1440.00 .577 .003
.461 2010.00 .462 -.0 0 0
.403 2370.00 .401 .002 •
.347 2730.00 .349 - .0 0 2
.300 3120.00 .301 - .0 0 0
.214 4020.00 .214 - .0 0 0
.190 4350.00 .190 .000
.155 4920.00 .155 .000
Least Squares Rate Constant = 0.7753E-'02
A* = 0.020
76
77.
(iv) Cell Absorbance
, Although "matched" QS quartz cells were used
for kinetic runs, their absorbance varied. One of the cells 
used had a relative absorbance as high as 0.030. Since AM 
was calculated by the computer as described above, cell 
absorbance was not recorded as such, but the final absorbance 
calculated by the computer was cell absorbance plus residual 
anion absorbance.
(v) Volume Correction Factors
Since solvents expand when heated, the actual 
concentrations of reacting species are decreased at high 
temperatures relative to their concentrations at 25°C. The 
second order rate constant varies inversely with concentration 
of reactants, and the rate constants obtained must be 
corrected for solvent expansion by multiplying them by a 
volume correction factor.
The corrections applied were obtained from the 
graph shown in Figure 16. These corrections are accurate for 
solutions which have been standardised at 25°0. They were 
calculated as P25/Pt w^ere P25 '*'s <3ensi'fcy of 605« w/v 
dioxan-water at 25°G., and P. is the solvent dersity at t°C.
(vi) Computation of Rate Constants
The second order rate constants were computed
78
on the IBM 1130 computer at the R.A.N. College, Jervis 
The program was written in Fortran IV language ^ - 8 5  ̂
"below are the variable names used and the flow diagram 
program is listed in the Appendix,
(vii) Program for Calculation of Rate
Constants from Absorbance Data
ABN - 
CALK - 
VF AC - 
ACELL - 
AFIN - 
SL0P3 - 
B - 
FSUM - 
DEV - 
AINC - 
SM0D - 
BM0D - 
HATE - 
SECK - 
ABIN - 
PCENT - 
CALAB -
DIF -
absorbance
alkali concentration
volume correction factor
cell absorbance
absorbance at infinite time
least squares slope
intercept of line of best fit
sum of squares for error
standard error of estimate
increment of AFIN
slope obtained with increased AFIN
intercept obtained with increased AFIN
pseudo first order rate constant
second order rate constant
initial absorbance
percentage of reaction followed
absorbance predicted from least squares 
slope
the difference ABN - CALAB
Bay.
Listed
The
<0
. 1
V
------------^
CALCULATE
N=J-1
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(b) RATE CONSTANTS BY THE TITRATION TECHNIQUE
(i) Calculation of the Rata Cnwatant
The rate constant wa9 calculated from 
equation (1) (,page 3),
aCa- z J = Irt . ........  UJ
The calculations were carried out on the 
IBM 1620 computer at the Wollongong University College. Hate 
constants were calculated for each time—titration pair to 
check on curvature in the kinetic plot, and the least squares 
rate constant for each run was calculated from the slope of 
the line of best fit, as described in section {&).
The program used is described below with a flow 
diagram, and listed in the Appendix. It is written in Horgo 
language, and is an adaptation of a program belonging to the 
computer program library of the Department of Chemistry, 
Wollongong University College.
lii) Program for Calculation of Hate Constants from
Titration Data
A0
BJZ)
TN0HM
ALIQ
EACID
initial concentration of one reactant
initial concentration of other reactant
molarity of titrant tNaOh)
aliquot of each reaction sample
number of millimoles of hydrochloric acid 
used to quench the reaction sample
B3.
V-b'AC
I0RD
TITN
RK
SRSQ
SUM
S
C
C0RR
SD
RKLS
volume correction factor 
a fixed point number assigned as
1 if k p « £0
2 “ k p = Bp
3 M A0 = -B0
volume of titrant
rate constant calculated for each time 
titration pair
Sum of (RK)2
Sum of RK
slope of line of best fit
intercept of line of best fit
correlation coefficient of concentration 
time pairs
standard deviation of RK values about their 
mean
least squares rate constant
54.
START
WRITE
HEADING
READ 
A0 , B0 
TN0RM
READ
ALIQ,
EACID
READ
VEAC
I0RD
READ
TIME-TIOWy 
PAIRS
■(S)
CALC
A. Y U )  a RK( 
SUM,
ULAÏÜ
,X(I),
I)
SRSQ
v
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(c) CALCULATION OF AVERAGE RATE CONSTANTS AND THERMODYNAMIC
PARAMETERS
( i ) Calculation' of. Thermodynamic. Parameters
From equation (15) on page 9» 
E _ ^  AS*/R -AH*/RT*“■ ~ e e 9 (15)
In £ _ in . AS* AH* in T " h + R “ RT . . . (26)
The least squares slope was calculated for the plot ln^/T 
against /T for each compound* a H was calculated from the 
slope as
AH* = -R (slope)*
The intercept of the least squares line on the
y-axis
9
and AS was calculated from this relationship. AG was cal­
culated from AH* and AS* for T = 318.1°K.
(ii) Calculation of Average Rate Constants
For each compound a number of rate constants 
were measured experimentally. Because of the nature of the 
experimental conditions it was not possible to duplicate 
temperatures exactly (see page 58). The least squares slope 
of the ART plot was used to calculate average rate constants
1 -, A 3T x IO3 FIGURE 17
58.
at four temperatures for each compound (see Fig. 17).
(iii) Program for Calculation of Average Rate Constants and
ffhermodynamio Parameters
The program used was adapted from a program 
belonging to the computer program library of the Department 
of Chemistry, Wollongong University College. It is written 
in Fortran IV, and is described with a flow diagram below 
and listed in the Appendix.
RK - rate constant
S - least squares slope
C0RH - correlation coefficient of In , V T pairs 
C - intercept on Y axis
DH - AH*
TDS - temperature at which AG is calculated 
DG - AG*
ö9.
A
START
T
WRITE 
HEADING-
READ
TEMP-RE
PAIRS
V
V
CALCULATE
X, Y
PAIRS
<0
CALCULATE 
N = J-1
?
CALCULATE 
£X. FY
A
A
CALC. SLOPE 
C(9RR., SD, 
INTERCEPT
i
CALCULATE
LH
\i
EXTRAPOLATE
RATE
CONSTANTS
CALCULATE 
RKDS, 
LS, LG
WRITE 
\DH,DS,DG 
C0RR,C SD
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The results of the individual kinetic runs for 
the four esters studied are listed on pages 92-116. The 
rate constants measured are summarised in Tables 7-11, on pages 
*11Y—11 ̂ • The average extrapolated rate constants and thermo­
dynamic activation parameters are listed in Tables 12 and 13 
on page 119.
(a) KINETIC HUNS
RUN 1 ETHYL O-TOLUATE 36.2 DEG C.
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ABSORBANCE TIME CALC ABSORBANCE DIFFERENCE
0.702 900•00 0.704 -0.002
0.598 204-0 « 00 0.592 0.0050 * 546 2580.00 0.546 -0.0000.473 3570.00 0.472 0.000
0.439 4080.00 0.438 0.000
0.384 5010.00 0.383 0.0000.334 5970.00 0.335 -0.001
0.296 6840.00 0.298 -0.0020.267 7680.00 0.266 0.000
0.238 8580.00 0.237 0.000
0.209 9630.00 0.209 -0.0000.191 10410.00 0.190 0.000
0.178 11070.00 0.177 0.000
LEAST SQUARES RATE CONSTANT = 0.1082E-02
CATALYST CONCENTRATION =0.15630N
PERCENTAGE OF REACTION FOLLOWED = 84.26
FINAL ABSORBANCE =0.059
STANDARD ERROR OF ESTIMATE =0.00478
RUN 2 ETHYL O-TOLUATE 36.1 DEG C.
ABSORBANCE TIME CALC ABSORBANCE DIFFERENCE
0.553 2070.00 0.555 -0.002
0.512 2610.00 0.511 0.000
0.442 3600.00 0.441 0.000
0.411 4080.00 0.411 -0.000
0.359 5040.00 0.358 0.000
0.314 6000.00 0.313 0.000
0.279 6870.00 0.278 0.000
0.250 7710.00 0.250 -0.000
0.225 8610.00 0.223 0.001
0.197 9660.00 0.197 -0.000
0.180 10A40.Q0 0.181 -0.001
0.170 11100.00 0.169 0.000
LEAST SQUARES RATE CONSTANT * 0.1136E-02
CATALYST CONCENTRATION =0.15630N
PERCENTAGE OF REACTION FOLLOWED = 85.70
FINAL ABSORBANCE =0.069STANDARD ERROR OF ESTIMATE =0.00571
Run 3 ETHYL O-TOLUATE 35.1DEG C.
ABSORBANCE 
0.706 
0 • 662 
0.570 
0.506 
0.468 0.401 
0.359 
0.315 
0.289 
0.254 
0.238 0 .2 2 1
TIME
1350.001740.00
2460.00
3060.00
3540.00
4290.00
4920.00
5670.00
6120.00
6870.00
7320.00
7740.00
CALC ABSORBANCE 
0.705 0.653 
0.568 
0.507 
0.463 
0.403 
0.359 
0.314 
0.290 
0.255 
0.236 
0 . 2 2 0
DIFFERENCE
0.000
-0.001
0.001
-0.001
0.004
- 0 . 0 0 2
-0.000
0 . 0 0 0
- 0 . 0 0 1
- 0 . 0 0 1
0 . 0 0 1
0.000
LEAST SQUARES RATE CONSTANT 
CATALYST CONCENTRATION 
PERCENTAGE OF REACTION FOLLOWED FINAL ABSORBANCE 
STANDARD ERROR OF ESTIMATE
= 0.1023E-02 
=0•20730N = 80.36 
=0.049 
=0.00503
RUN 4 ETHYL O-TOLUATE 44.4 DEG C.
ABSORBANCE TIME CALC ABSORBANCE DIFFERENCE
0.715 660.00 0.719 -0.004
0.640 1020.00 0.630 0.0090.474 1800.00 O’. 474 -0.000
0.415 2160.00 0.416 -0.001
0.371 2460.00 0.374 -0.003
0.304 3060.00 0.304 -0.000
0.280 3330.00 0.277 0.002
0*248 3660.00 0*248 -0.000
0.219 4050.00 0.219 -0.000
0.199 4350.00 0.199 -0.000
0.182 4650.00 0.181 0.000
LEAST SQUARES RATE CONSTANT = 0.1929E-02
CATALYST CONCENTRATION =0.20730N
PERCENTAGE OF REACTION FOLLOWED = 83.89
FINAL ABSORBANCE =0.039
STANDARD ERROR OF ESTIMATE =0.00742
RUN 5 ETHYL O-TOLUATE 44.5  DEG C .
isorbance TIME CALC ABSORBANCE DIFFER0.687 690,00 0.689 -0,0020.607 1020.00 0.607 -0,0000.515 1470.00 0.511 0.0030.446 1830.00 0.445 0.0000.346 2490.00 0.348 -0.0020.283 3090.00 0.279 0.0030.256 3330.00 0.256 -0.0000.226 3690.00 0.225 0.0000.196 4080.00 0.197 -0.0010.178 4380.00 0.178 -0.0000.162 4680.00 0.161 0.000
LEAST SQUARES RATE CONSTANT = 0•1983E—02CATALYST CONCENTRATION =0.20730NPERCENTAGE OF REACTION FOLLOWED « 84.86FINAL ABSORBANCE =0.030STANDARD ERROR OF ESTIMATE =0.00609
RUN 6 ETHYL O-TOLUATE 44.4 DEG C.
ABSORBANCE TIME CALC ABSORBANCE DIFFERENCE0.698 720.00 0.700 -0.0020.618 1050.00 0.618 -0.000
0.527 1470.00 0.528 -0.0010.459 1860.00 0.456 0.002
0.406 ! 2190.00 0.404 0.001
0.358 2520.00 0.358 -0.000
0.292 3120.00 0.289 0.002
0.266 3360.00 0.265 0.000
0.235 3690.00 0.236 -0.001
0.205 4110.00 0.205 -0.000
0.185 4410.00 0.185 -0.000
0.169 4710.00 0.168 0.000
LEAST SQUARES RATE CONSTANT = 0.1939E-02
CATALYST CONCENTRATION =0.20730N
PERCENTAGE OF REACTION FOLLOWED = 84.40
FINAL ABSORBANCE 
STANDARD ERROR OF ESTIMATE
=0.030
=0.00505
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RUN 7 ETHYL O-TOLUATE 54.6  DEG C .
ABSORBANCE TIME CALC ABSORBANCE DIFFERENCE0.478 1890*00 0.477 0.0000.432 2190*00 0.429 0*0020.401 2400*00 0.398 0.0020.365 2640.00 0*366 -0.0010.328 2940.00 0*330 -0.0020.292 3360.00 0.286 0.0050.256 3660.00 0.259 -0*0030.229 3990.00 0.232 -0.0030.205 4350.00 0.206 -0.0010.192 4620.00 0.189 0.0020.172 4860.00 0*175 -0*0030.163 5160.00 0.159 0.003
LEAST SQUARES RATE CONSTANT = 0.4089E-02CATALYST CONCENTRATION =0.09480NPERCENTAGE OF REACTION FOLLOWED = 85*45
FINAL ABSORBANCE =0*030STANDARD ERROR OF ESTIMATE =0*01460
RUN 8 ETHYL O-TOLUATE 55.1 DEG C.
ABSORBANCE TIME CALC ABSORBANCE DIFFERENCE
0.426 1560.00 0.423 0.002
0.387 1890.00 0.384 0.002
0*338 2310.00 0.340 -0.002
0*303 2700.00 0.305 -0.002
0.281 3030.00 0*279 0.001
0.252 3390.00 0*253 -0.001
0*214 3990.00 0.217 -0.003
6*189 4620.00 0*186 0.002
0*158 5430.00 0.155 0.002
0.141 5970.00 0.139 0*001
0.118 6810.00 0*119 -0.001
0.110 7320.00 0*109 0.000
LEAST SQUARES RATE CONSTANT = 0.4317E-02
CATALYST CONCENTRATION =0•08180N
PERCENTAGE OF REACTION FOLLOWED = 91.96
FINAL ABSORBANCE =0.059
STANDARD ERROR OF ESTIMATE =0.01521
RUN 9 ETHYL O-TOLUATE 55.2  DEG C
ABSORBANCE
0.4520.3600.314
0.288
0.263
0 . 2 1 2
0.188
0.152
0.1320 . 1 1 0
0.099
TIME
1590.00
2340.00
2760.00
3090.00
3450.00
4194.00
4620.00
5490.00
6060.00
6840.00
7380.00
CALC ABSORBANCE 
0.451 0.359 
0.317 
0.288 
0.260 
0 . 2 1 1  
0.188 
0.151 
0.131 0 . 1 1 0  
0.098
DIFFERENCE
0.000
0.000
-0.003
-0.000
0 . 0 0 2
0.000
-0.000
0 . 0 0 0
0 . 0 0 0
- 0 . 0 0 0
0.000
LEAST SQUARES RATE CONSTANT 
CATALYST CONCENTRATION 
PERCENTAGE OF REACTION FOLLOWED 
FINAL ABSORBANCE 
STANDARD ERROR OF ESTIMATE
= 0.4205E-02 = 0.08180N 
= 91.58 
=0.039 
=0.00689
RUN 10 ETHYL O-TOLUATE 64.8 DEG C.
ABSORBANCE TIME CALC ABSORBANCE DIFFERENCE0.383 870.00 0.380 0.0020.345 1140.00 0.344 0.0000.318 1380.00 0.316 0.0010.281 1680.00 0.286 -0.005
0.260 1980.00 0.259 0.0000.230 2370.00 0.228 0.0010.205 2730.00 0.205 -0.0000.187 3030.00 0.188 -0.0010.174 3360.00 0.172 0.0010.158 3660.00 0.159 -0.0010.149 3960.00 0.148 0.000
LEAST SQUARES RATE CONSTANT = 0.8432E-02CATALYST CONCENTRATION =0*0546ON
PERCENTAGE OF REACTION FOLLOWED = 82.70
FINAL ABSORBANCE =0.069
STANDARD ERROR OF ESTIMATE =0.01187
RUN 11 ETHYL O-TOLUATE 6 3 .6  DEG C.
ABSORBANCE 
0.508 0 * 454 
0.394 
0.343 
0.305 
0.275 
0.242 0 . 2 1 2  
0.185 
0.163 
0.127 
0.106
TIME1 0 2 0 . 0 0
1380.00
1830.00
2190.00
2550.00
2910.003300.00
3690.00
4080.00
4470.00
5250.00
5610.00
CALC ABSORBANCE DIFFERENCE
LEAST SQUARES RATE CONS 
CATALYST CONCENTRATION 
PERCENTAGE OF REACTION FOLLOWED 
FINAL ABSORBANCE 
STANDARD ERROR OF ESTIMATE
0.513 -0.0050.455 -0.001
0.391 0.0020.346 • -0.003
0.307 -0.002
0.272 0.0020.239 0.002
0.209 0.002
0.184 0.000
0.161 0.0010.124 0.0020.110 -0.004
NT = 0.7754E-02
=0.04460N 
= 85.33 
«0.000 
=0.01518
RUN 12 ETHYL O-TOLUATE 65.5 DEG C.
ABSORBANCE TIME CALC ABSORBANCE DIFFERENCE0.719 870.00 0.717 0.001
0.613 1530.00 0.609 0.003
0.548 1950.0.0 0.550 -0.002
0.492 2400.00 0.493 -0.001
0.434 2910.00 0.436 -0.0020.389 3390.00 0.389 -0.000
0.352 3870.00 0.348 0.003
0.316 4320.00 0.313 0.002
0.246 5310.00 0.251 -0.0050.224 5850.00 0.223 0.0000*202 6390.00 0.198 0.0030.180 6840.00 0.181 -0.001
LEAST SQUARES RATE CONSTANT = 0.8592E-02CATALYST CONCENTRATION «0.03160NPERCENTAGE OF REACTION FOLLOWED = 83.56FINAL ABSORBANCE =0.039STANDARD ERROR OF ESTIMATE =0.01072
RUN 13 ETHYL O-TOLUATE 6 5 .3  DEG C .
ABSORBANCE
0.6800.575
0.524
0.470
0.420
0.375
0.335
0.308
0.240
0.213
0.198
0.181
TIME
900.001560.00
1950.00
2430.00
2940.00
3390.00
3900.00
4350.00
5400.00
5940.00
6450.00
6870.00
CALC ABSORBANCE 
0.677 
0.577 
0.526 
0.469 
0.417 
0.376 
0.335 
0.303 
0.242 
0.216 
0.195 
0.160
DIFFERENCE
0 . 0 0 2
- 0.002
- 0 .002
0.000
0.002
-0.001
-0.000
0.004
- 0 . 0 0 2
-0.003
0 . 0 0 2
0.000
LEAST SQUARES RATE CONSTANT 
CATALYST CONCENTRATION 
PERCENTAGE OF REACTION FOLLOWED 
FINAL ABSORBANCE 
STANDARD ERROR OF ESTIMATE
= 0.8604E-02 
=0.03160N 
= 83.53 
=0.049 
=0.01061
RUN 1 ETHYL O-CHLOROBENZOATE 27.8 DEG C.
ABSORBANCE TIME CALC ABSORBANCE DIFFERENCE0.6 3 A 600*00 0.633 0.0000.586 990.00 0.583 0.0020.537 1380.00 0.537 -0.0000 • 494 1770.00 0.494 -0.0000.446 2280.00 0.445 0.000
0.402 2760.00 0.403 -0.0010.356 3360.00 0.357 -0.001
0.322 3900.00 0.321 0.000
0.284 4530.00 0.284 -0.000
0.258 5070.00 0.256 0.0010.233 5580.00 0.233 -0.000
0.208 6240*00 0.207 0.000
0.184 6960.00 0.183 0.000
0.166 7560.00 0.166 -0.000
LEAST SQUARES RATE CONSTANT = 0•7357E-02
CATALYST CONCENTRATION =0.03160N
PERCENTAGE OF REACTION FOLLOWED = 82.70
FINAL ABSORBANCE =0.049
STANDARD ERROR OF ESTIMATE =0.00341
RUN 2 ETHYL O-CHLOROBENZOATE 27.8 DEG C.
ABSORBANCE TIME CALC ABSORBANCE DIFFERENCE
0.634 630.00 0.637 -0.003
0.589 t 1020.00 0*586 0.002
0.540 1410.00 0.539 0.000
0.497 1800.00 0.496 0.000
0.448 2310.00 0.446 0.001
0.403 2820.00 0.401 0.001
0.356 3390.00 0.357 -0.001
0.318 3930.00 0.320 -0.002
0.283 4560.00 0.282 0.000
0.256 5100.00 0.254 0.001
0.230 5610.00 0.231 -0.001
0.205 6270.00 ' 0.204 0.000
0.180 6990.00 0.179 0.000
0.161 7590.00 0.161 -0.000
least SQUARES RATE CONSTANT ■ 0.7257E-02CATALYST CONCENTRATION =0.03160NPERCENTAGE OF REACTION FOLLOWED = 82.45
FINAL absorbance =0.039
STANDARD ERROR OF ESTIMATE =0.00474
RUN 3 ETHYL O-CHLOROBENZOATE 27.7 DEG C.
ABSORBANCE TIME CALC ABSORBANCE0.587 1590.00 0.5860.472 2370.00 0.4720.420 2820.00 0.4190.366 3330.00 0.3670.320 3870.00 0.3200.290 4320.00 0.2870.260 4710.00 0.2620.238 5160.00 0.2370.214 5700.00 0.2120.195 6180.00 0.193
0.175 6690.00 0.1750.163 7110.00 0.163
DIFFERENCE
0.000
-0.000
0.000
-0.001
-0.000
0 . 0 0 2
- 0 . 0 0 2
0 . 0 0 0
0 . 0 0 1
0 . 0 0 1
- 0 . 0 0 0
-0.000
LEAST SQUARES RATE CONSTANT 
CATALYST CONCENTRATION 
PERCENTAGE OF REACTION FOLLOWED 
FINAL ABSORBANCE 
STANDARD ERROR OF ESTIMATE
= 0.7334E-02 
=0.04460N = 90.23 
=0.079 
=0.00875
RUN 4 ETHYL O-CHLOROBENZOATE 36.2 DEG C.
ABSORBANCE TIME CALC ABSORBANCE DIFFERENCE
0.503 900.00 0.505 -0.002
0.464 1440.00 0.462 0.001
0.423 2040.00 0.420 0.0020.383 2640.00 0.381 0.001
0.342 3300.00 0.343 -0.001
0.312 3870.00 0.314 -0.002
0.284 4530,00 0*283 0.000
0.250 5310.00 0.251 -0.001
0.226 6030,00 0.225 0.000
0.210 6510.00 0.209 0.0000.191 7140.00 0.191 -0.000
0.179 7590.00 0.179 -0.000
0.171 7920.00 0.170 0.000
least squares rate constant .« 0• 1198E-01CATALYST CONCENTRATION =0.01460N
PERCENTAGE OF REACTION FOLLOWED = 74.61FINAL ABSORBANCE =0.030STANDARD ERROR OF ESTIMATE =0.00428
RUN 5 ETHYL O-CHLOROBENZOATE 36.2 DEG C»
ABSORBANCE TIME CALC ABSORBANCE DIFFERENCE
0.580 900*00. 0.578 0.001
0.530 1470*00 0.529 0.0000.484 2070*00 0.482 0.001
0.438 2670*00 0.439 -0.001
0.398 3330.00 0.397 0.000
0.364 3900.00 0.365 -0.001
0.330 4560.00 0.331 -0.0010.294 5340.00 0.295 -0.001
0.268 6060.00 0.266 0.0010.251 6510.00 0.250 0.000
0.230 7170.00 0.229 0.000
0.216 7620.00 0.215 0.000
0.206 7950.00 0.206 -0.000
LEAST SQUARES RATE CONSTANT = 0•1194E-01
CATALYST CONCENTRATION =0•01460N
PERCENTAGE OF REACTION FOLLOWED = 74.75
FINAL ABSORBANCE =0.049
STANDARD ERROR OF ESTIMATE =0.00372
RUN 6 ETHYL O-CHLOROBENZOATE 35.9 DEG C.
ABSORBANCE TIME CALC ABSORBANCE DIFFERENCE
0.562 360.00 0.558 0.003
0.503 840.00 0.503 -0.000
0.450 1350.00 0.452 -0.002
0.412 1800.00 0.411 0.000
0.374 2250.00 0.375 -0.001
0.338 2760.00 0.339 -0.001
0.310 3210.00 0.310 -0.000
0.280 3750.00 0.280 -0.000
0.256 4260.00 0.255 0.000
0.233 , 4800.00 0.232 0.000
0.205 5550.00 0.204 0.000
0.189 6090.00 0.187 0.001
0.171 6720.00 0.170 0.000
0.146 7800.00 0.146 -0.000
LEAST SQUARES RATE CONSTANT * 0.1194E-01
CATALYST CONCENTRATION =0.02100N
PERCENTAGE OF REACTION FOLLOWED = 85.77
FINAL ABSORBANCE =0.069
STANDARD ERROR OF ESTIMATE =0.00583
RUN 7 ETHYL O-CHLOROBENZOATE 45.3  DEG C.
ABSORBANCE 0.508 
0.^54 
0.406 0 • 365 
0.330 
0.298 
0.271 
0.236 
0.206 
0.176 
0.156 
0.137 
0.115 1
TIME1080.00
1500.00
1890.00
2280.00
2640.00
3000.003360.00
3870.00
4380.00
4920.00
5520.00
6090.00
6810.00
CALC ABSORBANCE 0.509 
0.452 
0.-405 
0.363 
0.329 
0.298 
0.270 
0.236 
0.206 
0.180 
0.155 
0.135 0.114
DIFFERENCE
-0.001
0.001
0.000
0.001
0.000
-0.000
0.000
-0.000
-0.000
-0.004
0.000
0.001
0.000
LEAST SQUARES RATE CONSTANT = 0.2105E-01
CATALYST CONCENTRATION =0.01460N
PERCENTAGE OF REACTION FOLLOWED = 87.20
FINAL ABSORBANCE =0.030
STANDARD ERROR OF ESTIMATE =0.00932
RUN 8 ETHYL O-CHLOROBENZOATE 44.7 DEG C.
ABSORBANCE TIME CALC ABSORBANCE DIFFERENCE0.530 870*00 0.530 -0.000
0.460 1290.00 0.457 0.002
0.413 1590.00 0.412 0.000
0.365 1950.00 0.365 -0.000
0.331 2220.00 0.335 -0.004
0.301 2550.00 0.301 -0.000
0,248 324-0.00 0.245 0.002
0.222 3630.00 0.220 0.001
0.202 3960.00 0.202 -0.0000.185 4320.00 0.185 -0.000
0.169 4740.00 0.168 0.000
0.151 5250.00 0.151 -0.000
0.137 5760.00 0.137 -0.000
LEAST SQUARES RATE CONSTANT = 0.1992E-01
CATALYST CONCENTRATION = 0•0215 ON
percentage OF REACTION FOLLOWED = 91.22FINAL ABSORBANCE =0.079STANDARD ERROR OF ESTIMATE =0.00739
RUN 9 ETHYL O-CHLOROBENZOATE 44.9  DEG C»
ABSORBANCE TIME CALC ABSORBANCE DIFFERENCE0.492 900*00 0.490 0.0010.421 1290*00 0.423 -0.0020.376 1620*00 0.375 0.0000.332 1950.00 0.333 -0.0010.300 2250*00 0.300 -0.0000.270 2580*00 0.268 0*0010.216 3270*00 0.214 0.001
0.192 3630.00 0.192 -0.0000.174 3990.00 0.173 0.000
0.158 4320*00 0.158 -0.0000.141 4770.00 0.140 0.000
0.122 5280.00 0.124 -0.0020.114 5790.00 0.112 0*001
LEAST SQUARES RATE CONSTANT * 0.2040E-01
CATALYST CONCENTRATION =0•02150N
PERCENTAGE OF REACTION FOLLOWED = 91.48FINAL ABSORBANCE =0.059
STANDARD ERROR OF ESTIMATE =0*01689
RUN 10 ETHYL O-CHLOROBENZOATE 50.2 DEG C.
ABSORBANCE TIME CALC ABSORBANCE DIFFERENCE
0.617 480.00 0.611 0.005
0.545 900.00 0.547 -0.002
0.483 1380.00 0.484 -0.001
0.438 1770.00 0.439 -0.001
0.392 2250.00 0.392 -0.000
0.353 2700.00 0.354 -0.001
0.320 3150.00 0.321 -0.001
0.291 3660*00 0.289 0*001
0.268 4110.00 0.266 0*001
0.244 4620.00 0.243 0.000
0.227 5040.00 0.227 -0.000
0.207 5640.00 0.207 -0.000
LEAST SQUARES RATE CONSTANT = 0 • 2584E-01
CATALYST CONCENTRATION =0.01320N
PERCENTAGE OF REACTION FOLLOWED = 75.74
FINAL ABSORBANCE “0.049STANDARD ERROR OF ESTIMATE “0.00672
RUN u  ETHYL O-CHLOROBENZOATE 50.3 DEG C .
ISORBANCE TIME CALC ABSORBANCE DIFFER0.622 510 » 00 0.622 -0.0000.545 930.00 0.548 -0.0030.477 1410.00 0.476 0.0000.428 1800.00 0.426 0.0010.376 2280.00 0.375 0.0000.334 2730.00 0.334 -0.0000.301 3180.00 0.300 0.0000.271 3690.00 0.268 0.0020.246 4140.00 0.245 0.0000.221 4650.00 0.222 -0.0010.206 5070.00 0.207 -0.0010.189 5730.00 0.188 0.000
LEAST SQUARES RATE CONSTANT = 0•2756E—01CATALYST CONCENTRATION =0.01420NPERCENTAGE OF REACTION FOLLOWED * 80.78FINAL ABSORBANCE =0.059STANDARD ERROR OF ESTIMATE =0.01035
RUN 12 ETHYL O-CHLOROBENZOATE 53.2 DEG C.
ISORBANCE TIME CALC ABSORBANCE DIFFER
0.441 870.00 0.440 0.000
0.386 1230.00 0.384 0.001
0.346 1500.00 0.347 -0.001
0.310 1800.00 0.311 -0.001
0.278 ,2100.00 0.278 -0.000
0.241 2520.00 0.240 0.000
0.219 2790.00 0.218 0.000
0.192 3180.00 0.191 0.000
0.175 3480.00 0.173 0.001
0.157 3780.00 0.157 -0.000
LEAST SQUARES RATE CONSTANT = 0.3257E-Û1
CATALYST CONCENTRATION =0•01320N
PERCENTAGE OF REACTION FOLLOWED = 79.73
FINAL ABSORBANCE =0.039STANDARD ERROR OF ESTIMATE =0.00486
RUN 1 ETHYL O-METHOXYBENZOATE 36.0  OEG C .
ABSORBANCE TIME CALC ABSORBANCE DIFFERENCE
0.744 840.00 0*744 -0*0000.662 1470.00 0*662 -0*0000.589 2130.00 0*587 0.0010.532 2670.00 0*533 -0.0010.477 3300.00 0*476 0*000
0.422 3990.00 0*422 -0.0000.385 4530.00 0*384 0.000
0.346 5160.00 0*345 0.000
0.315 5700.00 0.315 -0.000
0.261 6900.00 0.259 0*001
0.234 7560.00 0.233 0.000
0.215 8070.00 0*216 -0.001
LEAST SQUARES RATE CONSTANT = 0.3982E-02
CATALYST CONCENTRATION =0•0501ON
PERCENTAGE OF REACTION FOLLOWED = 79.86FINAL ABSORBANCE -0 * 049
STANDARD ERROR OF ESTIMATE *0*00331
RUN 2 ETHYL O-METHOXYBENZOATE 35.8 DEG C.
ABSORBANCE TIME CALC ABSORBANCE DIFFERENCE.
0.800 750.00 0.799 0.000
0.673 1500.00 0.673 -0,000
0*591 2100.00 0.588 0.002
0.519 2670.00 ‘ 0.518 0.000
0*454 3300.00 0.452 0.001
0.387 4020.00 0.388 -0.001
0.343 4590.00 0.345 -0.002
0*306 5220.00 0.305 0.000
0.259 6120.00 0.257 0.001
0.237 6480.00 0.240 -0.003
0.220 7020.00 0.219 0.000
0.194 7770.00 0.193 0.000
0.169 8640.00 0.168 0.000
least squares rate constant * 0.4069E—02
CATALYST CONCENTRATION *0.06280N
PERCENTAGE OF REACTION FOLLOWED * 88.78
FINAL ABSORBANCE . *0.069
STANDARD ERROR OF ESTIMATE *0.00828
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RUN 3 ETHYL 0-METH0XYBENZ0ATE 35.8 DEG C .
ABSORBANCE 0.774 
0.647 
0.5 64 
0.498 
0.434 
0.366 
0.322 
0.286 
0.237 
0.216 
0 . 2 0 2  
0.173 
0.149
TIME
810.00
1560.00
2160.00
2730.00
3330.00
4050.00
4650.00
5280.00
6150.00
6540.00
7050.00
7830.00
8700.00
CALC ABSORBANCE 0.776 
0.649 
0.564 
0.494 
0.431 
0.367 
0.323 
0.282 
0.237 
0.219 
0.199 
0.173 
0.149
DIFFERENCE
- 0 . 0 0 2
- 0 . 0 0 2
-0.000
0.003
0 . 0 0 2
-0.001
-0,001
0.003
-0.000
-0.003
0.002
-0.000
-0.000
LEAST SQUARES RATE CONSTANT 
CATALYST CONCENTRATION 
PERCENTAGE OF REACTION FOLLOWED 
FINAL ABSORBANCE 
STANDARD ERROR OF ESTIMATE
= 0.4141E-02 
=0.06280N 
= 89.93 
«0.059 
«0.00962
RUN 4 ETHYL O-METHOXYBENZOATE 44.6 DEG C.
ABSORBANCE TIME CALC ABSORBANCE DIFFER
0*832 510.00 0.834 -0.0020.699 960*00 0.697 0.0010.580 1440*00 0.577 0.002
0.461 2010.00 0.461 -0.0000,403 2370.00 0.401 0.001
0.347 2730.00 0.349 -0.002
0.300 3120.00 0.300 -0.000
0.214 4020.00 0.214 -0.000
0.190 4330.00 0.189 0.000
0.155 4920.00 0*154 0.000
LEAST SQUARES RATE CONSTANT = 0.7753E-02
CATALYST CONCENTRATION «0.05350N
PERCENTAGE OF REACTION FOLLOWED = 86.53FINAL ABSORBANCE «0*020STANDARD ERROR OF ESTIMATE «0.00346
107
RUN 5 ETHYL O-METHOXYBENZOATE 44.5 DEG C.
'SORBANCE TIME CALC ABSORBANCE DIFFER0.557 810.00 0.560 -0.0030.498 1080.00 0.497 0.000
0.442 1380.00 0.436 0.0050.344 1920.00 0 .347 -0.0030.298 2310.00 0.296 0.0010.268 2380.00 0*265 0.0020.232 2910.00 0.233 -0.0010.187 3450.00 0.191 -0.0040.173 3780.00 0.170 0.0020.155 4080.00 0.154 0.000
0.135 4500.00 0.134 0.0000.120 4890.00 0.120 -0.000
LEAST SQUARES RATE CONSTANT = 0.7863E-02CATALYST CONCENTRATION =0•06280N
PERCENTAGE OF REACTION FOLLOWED ■ 90.74FINAL ABSORBANCE =0.049STANDARD ERROR OF ESTIMATE *0.01337
RUN 6 ETHYL O-METHOXYBENZOATE 44.3 DEG C.
ISORBANCE TIME CALC ABSORBANCE DIFFER
0.546 840.00 0.548 -0.002
0.486 1110.00 0.486 -0.000
0.428 1410.00 0.425 0.002
0.335 1950.00 0.336 -0.001
0.285 2340.00 0.284 0.000
0.256 2580.00 0.257 -0.001
0.222 2940.00 0.221 0.000
0.180 3480.00 0.178 0.001
0.156 3810.00 0.156 -0.000
0.141 4110.00 0*139 0.001
0.120 4530.00 0.120 -0.000
0.104 4920.00 0.104 -0.000
LEAST SQUARES RATE CONSTANT * 0.7677E-02
CATALYST CONCENTRATION *0.06280NPERCENTAGE OF REACTION FOLLOWED * 90.42FINAL ABSORBANCE =0.030STANDARD ERROR OF ESTIMATE «0.00655
108.
RUN 7 ETHYL O-METHOXYBENZOATE 52.7 DEG C .
ABSORBANCE
0.897
0.7940.707
0.661
0.602
0.537
0.470
0.407
0.362
0.309
0.275
0.248
TIME
720.00
1 2 0 0 . 0 01650.00
1950.00
2370.00
2850.00
3420.00
3990.00
4470.00
5130.00
5730.00
6150.00
CALC ABSORBANCE 0.894 
0.795 
0.712 
0.662 
0.598 
0.533 
• 0.465
0.407 
0*364 
0.312 
0.272 
0.248
DIFFERENCE
0.002
-0.001-0.005
-0.001
0.003
0.003
0.004
-0.000
- 0.002
-0.003
0 . 0 0 2
-0.000
LEAST SQUARES RATE CONSTANT 
CATALYST CONCENTRATION 
PERCENTAGE OF REACTION FOLLOWED FINAL ABSORBANCE 
STANDARD ERROR OF ESTIMATE
= 0.1344E-01 
=0.01930N 
= 78.24 
“ 0 . 0 2 0  
=0.00672
RUN 8 ETHYL O-METHOXYBENZOATE 52.8 DEG C.
ABSORBANCE TIME CALC ABSORBANCE DIFFERENCE0# 595 750.00 0.591 0.0030.520 1260.00 0.521 -0.0010.462 1710.00 0*466 -0.0040.434 2010.00 0.432 0.0010.392 2430.00 0.390 0.0010.347 2880*00 0.348 -0.0010.302 3480.00 0.300 0.0010.262 4020.00 0.261 o.oao
0.230 4530.00 0.230 -0.0000.193 5190.00 0.194 -0.0010.167 5790.00 0.167 -0.0000.151 6210.00 0.149 0.001
LEAST SQUARES RATE CONSTANT = 0.1286E-01CATALYST CONCENTRATION “0.01930NPERCENTAGE OF REACTION FOLLOWED = 78.76FINAL ABSORBANCE =0.000STANDARD ERROR OF ESTIMATE =0.00536
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RUN 9 ETHYL O-METHOXYBENZOATE 55.2 DEG C.
ABSORBANCE TIME CALC ABSORBANCE DIFFERENCE0.603 390 •00 0*608 -0.0050.527 6AO * 00 0.523 0*0030.459 1230*00 0*460 -0.0010.403 1620*00 0.406 0.0010.357 2040.00 0*354 0.0020.310 2460 •00 0.310 -0.0000.270 2970*00 0.265 0.0040.230 3450•00 0.230 -0.0000.197 3930*00 0.200 -0.0030.176 4350.00 0.177 -0.0010.156 4060*00 0*154 0.0010.136 5370*00 0.135 0.000
LEAST SQUARES RATE CONSTANT « 0.1690E-01
CATALYST CONCENTRATION «0.02170N
PERCENTAGE OF REACTION FOLLOWED = 85.31FINAL ABSORBANCE «0.039STANDARD ERROR OF ESTIMATE «0.01026
RUN 10 ETHYL O-METHOXYBENZOATE 55*1 DEG C.
ABSORBANCE TIME CALC ABSORBANCE DIFFERENCE
0.675 420.00 0.673 0.001
0.583 840.00 0.583 -0.000
0.507 1260.00 0.506 0.000
0.446 1650.00 0.444 0.001
0.388 2040.00 0.389 -0.0010.334 2490.00 0.335 -0.001
0.284 3000.00 0.284 -0.000
0.241 3510.00 0.240 0.000
0.208 3960.00 0.208 -0.000
0.183 4380.00 0.182 0.0000.156 4890.00 0.156 -0.000
0.134 5400.00 0.133 0.000
LEAST SQUARES RATE CONSTANT = 0.1657E-01
CATALYST CONCENTRATION =0.02170NPERCENTAGE OF REACTION FOLLOWED = 84.93FINAL ABSORBANCE =0.020STANDARD ERROR OF ESTIMATE =0.00300
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RUN 11 ETHYL O-METHOXYBENZOATE 63*2 DES C.
ABSORBANCE TIME CALC ABSORBANCE DIFFERENCE
0.734 810« 00 0.733 0«0000.605 1230.00 0.601 0.0030.541 1470 «00 0.538 ■ 0.0020.428 1950•00 0.433 -0.0050*386 2220«00 0.385 0.0000.346 2490«00 0.343 0.0020.306 2760.00 0*307 -0.0010.272 3030•00 0.275 -0.0030.247 3300 «00 0.248 -0.0010.229 3570•00 0.224 0.004
0.196 3960 «00 0*196 -0.000
LEAST SQUARES RATE CONSTANT = 0.2817E-01
CATALYST CONCENTRATION «0.01930N
PERCENTAGE OF REACTION FOLLOWED = 87.60
FINAL ABSORBANCE =0.069STANDARD ERROR OF ESTIMATE =0.01190
RUN 12 ETHYL O-METHOXYBENZOATE 63»1 DEG C.
ABSORBANCE TIME CALC ABSORBANCE DIFFERENCE
0.668 840.00 0.671 -0.003
0.500 1500.00 0.498 0.001
0.406 1980.00 0.404 ' 0.001
0.364 2250.00 0.360 0.003
0.322 2520.00 0.323 -0.0010.290 2790.00 0.290 -0.000
0.262 3060.00 0.261 0.000
0.236 3330.00 0.236 -0.000
. 0.212 3600.00 0.215 -0.003
0.191 3990.00 0.188 0.002
LEAST SQUARES RATE CONSTANT = 0•2753E-01
CATALYST CONCENTRATION =0.01930NPERCENTAGE OF REACTION FOLLOWED = 86.94
FINAL ABSORBANCE =0.069
STANDARD ERROR OF ESTIMATE =0.01036
111.
RUN 13 ETHYL O-METHOXYBENZOATE 64.3 DEG C*
absorbance TIME CALC ABSORBANCE DIFFERENCE0.500 480*00 0.497 0*002
0.438 690*00 0*441 -0*0030.370 990*00 0.373 -0.003
0.333 1200*00 0*331 0*0010.287 1470*00 0.285 0.001
0.243 1770.00 0.242 0.0000.212 2010*00 0*213 -0*001
0.185 2310*00 0.181 0*0030.161 2580.00 0*157 0.0030.135 2850*00 0.137 -0.002
0.092 3630.00 0*094 -0*002
0.082 3960.00 0*080 0.001
LEAST SQUARES RATE CONSTANT = 0.2816E-01
CATALYST CONCENTRATION =0.02170N
PERCENTAGE OF REACTION FOLLOWED = 90.23FINAL ABSORBANCE =0.020
STANDARD ERROR OF ESTIMATE =0.01508
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RUN 1 ETHYL 0-PHEN0XYBEN20ATE 27.5 DEG C.
ABSORBANCE TIME • CALC ABSORBANCE DIFFERENCE
0.416 1470.00 0.415 0.000
0.359 2310.00 0*358 0.000
0.325 2910.00 0*323 0.001
0.282 3750.00 0*282 * -0.000
0.235 4890.00 0*236 -0.001
0.206 5790.00 0.207 -0*001
0.189 6450.00 0*189 -0.000
0.168 7350.00 0.168 -0*000
0.153 8130,00 0.153 -0.000
0.145 8640.00 0.144 0.000
0.138 9090.00 0*137 0.000
LEAST SQUARES RATE CONSTANT = 0.2848E-02
CATALYST CONCENTRATION =0•07520NPERCENTAGE OF REACTION FOLLOWED = 85*61
FINAL ABSORBANCE =0.069
STANDARD ERROR OF ESTIMATE =0*00437
RUN 2 ETHYL O-PHENOXYBENZOATE 27.5 DEG C.
ABSORBANCE TIME CALC ABSORBANCE DIFFERENCE
0.412 1500.00 0.413 -0.001
0.353 2310.00 0.356 -0.003
0*318 2940.00 0.318 -0.000
0*280 3780.00 0.275 0.004
0.228 4920.00 0.228 -0.000
0.200 5820.00 0.199 0.000
0.181 6480.00 0.181 -0.000
0.161 7380.00 0.161 -0.000
0.147 8160.00 0.146 0.000
0.138 8670.00 0.138 -0.000
0.131 9120.00 0.131 -0.000
LEAST SQUARES RATE CONSTANT = 0.3040E-02
CATALYST CONCENTRATION =0•07440NPERCENTAGE OF REACTION FOLLOWED = 87.34
final ABSORBANCE =0.069
STANDARD ERROR OF ESTIMATE =0.00877
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RUN 3 ETHYL O-PHENOXYBENZOATE 34.1 DEG C .
ABSORBANCE TIME CALC ABSORBANCE DIFFERENCE
0.582 330,00 0.583 -0.0010.542 600,00 0*536 0.0050.474 990*00 0.476 -0*0020.426 1380*00 0.424 0.0010.377 1800*00 0.375 0.0010.334 2220*00 0.333 0.0000.294 2670.00 0.295 -0.0010.261 3120*00 0.262 -0.0010.227 3660*00 0.228 -0.0010.201 4200.00 0.201 -0.0000.181 4710.00 0.179 0.001
0.162 5230.00 0*160 0.001
0.144 5820*00 0.144 -0.000
LEAST SQUARES RATE CONSTANT = 0.4713E-02
CATALYST CONCENTRATION =0.07520N
PERCENTAGE OF REACTION FOLLOWED = 87.15
FINAL ABSORBANCE =0.069
STANDARD ERROR OF ESTIMATE =0.00752
RUN 4 ETHYL O-PHENOXYBENZOATE 34.1 DEG C.
ABSORBANCE TIME CALC ABSORBANCE DIFFERENCE
0.575 360.00 0.572 0.002
0.532 600.00 0.531 0.000
0.472 1020.00 0.468 0.003
0.420 1380.00 0.421 -0.001
0.372 1800.00 0.373 -0.001
0.330 2250.00 0.329 0.000
0.292 2700.00 0.291 0.000
0.258 3150.00 0.259 -Q* 001
0.226 3690.00 0.226 -0.000
0.199 4230.00 0.199 -0.000
0.180 4740.00 0.178 0.001
0.160 5280.00 0.160 -0.000
0.144 5850.00 0.143 0.000
LEAST SQUARES RATE CONSTANT = 0.4732E-02
CATALYST CONCENTRATION =0.07440N
PERCENTAGE OF REACTION FOLLOWED = 87.01FINAL ABSORBANCE =0.069STANDARD ERROR OF ESTIMATE =0.00584
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RUN 5 ETHYL O-PHENOXYBENZOATE 34.0  DEG C .
ABSORBANCE TIME CALC ABSORBANCE DIFFERENCE0.545 630.00 0.544 0.0000.4S4 1050.00 0.482 0.0010.434 1410.00 0.436 -0.0020.390 1830.00 0.389 0.0000.347 2280.00 0.346 0.0000.309 2730.00 0.308 0.0000.276 3180.00 0.276 -0.0000.244 3720.00 0.244 -0.0000.217 4260.00 0.216 0.0000.197 4740.00 0.196 0.0000.177 5280.00 0.177 -0.0000.159 5880.00 0.159 -0.000
LEAST SQUARES RATE CONSTANT » 0.4761E-02CATALYST CONCENTRATION *0.07120N
PERCENTAGE OF REACTION FOLLOWED » 86.22FINAL ABSORBANCE »0.079STANDARD ERROR OF ESTIMATE *0.00347
RUN 6 ETHYL O-PHENOXYBENZOATE 44.0 DEG C.
SORBANCE TIME CALC ABSORBANCE DIFFER
0.561 1500.00 0 ê 557 0.003
0.510 2160.00 0.511 -0.001
0.440 3360.00 .0 #438 0.001
0.402 4080.00 0*401 0.000
0.378 4590.00 0.377 0.000
0.344 5370.00 0.344 -0.000
0.313 6240.00 0.312 0.000
0.284 7080.00 0*286 -0.002
0.260 7980.00 0*261 -0.001
0.238 8940.00 0.239 -0.001
0.212 10380.00 0.211 0.000
0.195 11460.00 0.194 0.000
0.180 12690.00 0.179 0.000
0.163 14250.00 0*163 -0.000
LEAST SQUARES RATE CONSTANT * 0.9378E-02
CATALYST CONCENTRATION »0.01810NPERCENTAGE OF REACTION FOLLOWED * 79.71FINAL ABSORBANCE *0.030STANDARD ERROR OF ESTIMATE *0•00716
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RUN 7 ETHYL O-PHENOXYBENZOATE 44.0  DEG C.
ABSORBANCE TIME CALC ABSORBANCE DIFFERENCE
0.597 1500*00 0.592 0.004
0.539 2190.00 0.539 -0.000
0.462 3390.00 0.461 0.0000.423 4110.00 0.421 0.0010.396 4620.00 0.396 -0.000
0.360 5400.00 0.361 -0.001
0.327 6270.00 0.327 -0.000
0.299 7110.00 0.298 0.000
0.270 8040.00 0.271 -0.001
0.248 8970.00 0.248 -0.0000.219 10410.00 0.218 0.000
0.200 11490.00 0.200 -0.000
0.184 12690.00 0.184 -0.000
0.168 14280.00 0.166 0.001
LEAST SQUARES RATE CONSTANT = 0.9375E-02
CATALYST CONCENTRATION =0.01810N
PERCENTAGE OF REACTION FOLLOWED = 80.27
FINAL ABSORBANCE =0.030
STANDARD ERROR OF ESTIMATE =0.00698
RUN 8 ETHYL O-PHENOXYBENZOATE 44.1 DEG C.
ABSORBANCE TIME , CALC ABSORBANCE DIFFERENCE
0.446 1530.00 0.441 0.004
0.392 1920.00 0.393 -0.001
0.358 2250.00 0.357 0.000
0.328 2550.00 0.328 -0.000
0.304 2850.00 0.303 0.000
0.273 3240.00 0.273 -0.000
0.246 3630.00 0*247 -0.001
0.226 3990.00 0.227 -0.001
0.206 4410.00 0.206 -0.0000.191 4770.00 0.190 0.000
0.177 5130.00 0.176 0.000
0.166 5490.00 0.165 0.000
0.152 5940.00 0.152 -0.000
0.144 6270.00 0.143 0.000
LEAST SQUARES RATE CONSTANT = 0.9139E-02
CATALYST CONCENTRATION =0•04060NPERCENTAGE OF REACTION FOLLOWED * 89.87FINAL ABSORBANCE =0.079STANDARD ERROR OF ESTIMATE =0.00617
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RUN 9 ETHYL O-PHENOXYBENZOATE 55*1 DEG C.
ABSORBANCE TIME CALC ABSORBANCE DIFFERENCE0.512 1260.00 0.514 -0.0020 « 466 1650.00 0.465 0.0000.431 1980.00 0.429 0.0010.394 2370.00 0.392 0.001
0.362 2730.00 0.361 0.0000.329 3150.00 0.329 -0.0000.309 3450.00 0.309 -0.0000.254 4500.00 0.253 0.000
LEAST SQUARES RATE CONSTANT * 0.1887E-01
CATALYST CONCENTRATION =0.01810N
PERCENTAGE OF REACTION FOLLOWED * 68.51FINAL ABSORBANCE =0.039
STANDARD ERROR OF ESTIMATE =0.00402
RUN 10 ETHYL O-PHENOXYBENZOATE 55.1 DEG C.
ABSORBANCE TIME CALC ABSORBANCE
0.334 1290.00 0.338
0.284 1680.00 0.282
0.248 1980.00 0.249
0.214 2400.00 0.213
0.192 2760.00 0.191
0.171 3180.0*0 0.171
0.164 3480.00 0.161
0.138 4530.00 0.138
DIFFERENCE
-0.004
0.001
-0.001
0.000
0.000
-0.000
0 . 0 0 2
-0.000
LEAST SQUARES RATE CONSTANT 
CATALYST CONCENTRATION 
PERCENTAGE OF REACTION FOLLOWED 
FINAL ABSORBANCE 
STANDARD ERROR OF ESTIMATE
0.1917E-01
0.04060N
85.17
0.039
0.02737
Ru
1
2
3
4
5b
7
8
9
10
11
12
13
Rtu
12
3
4
5
6
7
8
9
10
11
12
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(b) SUMMARY OP RATE CONSTANTS
Table 7
Ethyl o-Toluate
Rate Constants (measured)
Temperature (°C.) k X  10'
36.2 1.08236.1 1.136
35.1 1.02344.4 1.92944.5 1.98344.4 1.93954.6 4.0Ö955.1 4.31755.2 4.20564.8 8.43263.6 7.75465.5 8.592
65.3 8.604
Table 8
Ethyl o-Chlorobenzoate 
Rate Constants (measured)
Temperature (°C.) k z 10^
27.8 7.357
27.ö 7.257
27.7 7.334
36.2 11.98
36.2 11.94
35.9 11.94
45.3 21.0544.7 , 19.92
44.9 20.40
50.2 25.84
50.3 27.56
53.2 32.57
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Table 9
Ethyl o-Methoxybenzoate
Rate Constants (measured)
Run Temperature { °G.) k X  10
1 36.0 3.9822 35.8 4.0693 35.8 4.1414 44.6 7.7535 44.5 7.8b36 44.3 7.6777 52.7 13.448 52.8 12.86
9 55.2 16.yo10 55.1 16.5711 63.2 28.1712 63.1 27.53
13 64.3 28.16
Table 10
Ethyl o-Phenoxybenzoate
Hate Constants (measured)
Hun Temperature (°C.) k  x 10^
1 27.8 2.848
2 27.5 3.040
3 34.1 4.7134 34.1 4.732
5 34.0 4.761
6 44.0 9.378
7 44.0 9.3758 44.1 9.139
9 55.1 18.8710 55.1 19.17
Table 11
Ethyl o-toluate
Rate Constants by Titration Method
Run Temperature k  X 10^
1 25.0 3.748
2 25.0 3.664
3 35.0 9.9924 35.0 9.866
5 45.0 18.756 45.0 18.97
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(c) AVERAGE RATE CONSTANTS AND THERMODYNAMIC 
ACTIVATION PARAMETERS
Table 12 ,
Average Rate Constants
k x 10  ̂ (l mol~1sec-1>
Temperature (°C.) £5 15 55 65
Ethyl o-toluate 0.9880 2 .10 0 4.268 8.324
Ethyl o-chlorobenzoate 6 .10 0 11.33 20.28 35.05
Ethyl o-methoxybenzoate 3 .8 18 7.986 15.98 30.73
Ethyl o-phenoxybenzoate 2.445 5.043 9.949 18 .8 4
Table 13
Thermodynamic Activation Parameters
+ f¥rAH
(kcal/mol)
AS*
(cal/deg/mol)
AG
(kcal/mol)
r
Ethyl 0- 
toluate 14.06(^0.43) -26.70 22.56 .9994
Ethyl 0-
chlorobenzoate 10.71(-0.37) -32.75 21.13 .9993
Ethyl 0-
methoxybenzoate 13.75(-0.59) -25.04 21.72 .9989
Ethyl 0-phenoxy b enzo at e 12.61(±0.36) -2 8 .18 21.58 .9997
‘X* o+ Values of AG are calculated at 45 0#
sjs Correlation coefficients for points on the ART plots•
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D I S C U S S I O N
(a) COMPARISON WITH KATA'S IN THE LITERATURE
Because the reactivities of ortho substituted 
benzoic esters are potentially complicated by steric effects, 
they have not received as much attention as their meta and 
para substituted isomers.
Literature values of rate constants (where 
possible at 25°C.) and Arrhenius activation parameters, 
measured in a variety of solvents, are listed in Table 15.
Por purposes of comparison, the relevant values obtained in 
this study, extrapolated if necessary to 25°C., are listed in 
Table 14.
TABLE 14
.-.Second Order Rate Constants and Activation Parameters
Measured* in 607° Dioxan
kx10^(25°C) Ea log A
—1 —11 mol sec kcal mol
Ethyl o-toluate 0.442 14.65 7.32
Ethyl o-chlorobenzoate 6 .1 0 11.30 6.07
Ethyl o-met hoxy b enzo at e 1.74 14.34 7.75
Ethyl o-phenoxybenzoate 2.46 13.20 7.07
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TABLE 15
Rat e Constants and Activation Parameters from the Literature
No. Ortho- Aqueous • kxl03U 5 oC) aa log A RefSubstituent Solvent 1 /mol/sec kcal/mol
1 -H 707° dioxan 3.43 14.0 7.62 86
2 -H 56°/o acetone 2.89 14.56 6.16 87
3 -a 85f° ethanol 0.621 17.7 — 63
4 - ° “ 3 t! 0.0776 16.0 — 63
5 -Cl II 1.39 15.7 — 63
6 -H H 0.55 17.7 — 68
7 -H 507® ethanol 1.33 — — 88
8 -H 40%  acetone 3.60 13.75 — 66
9 -a 30%  acetone 7.73 12.56 7.09 68
10 -H 40/* acetone 4.63 13.13 7.30 68
11 -CEU ti 0.462 13.79 6.79 68
12 -01 ii 5.33 12.11 6 . 6 1 68
13 -a 50°/o acetone 3.46 13.75 7.62 68
14 -CE3 ii 0.357 14.46 7.16 68
15 -Cl ti ' 4.03 12.64 6.87 68
16 -a 607° acetone 2.66 ' 14.50 6.09 68
17 -Cfi3 it 0.305 14.96 7.45 68
18 -C l ti 3.61 13.26 7 . 26 68
19 -H 37° ethanol 30.1 - - 67
20 - ch3 H 4.92 - - 67
21 -C l U 33.5 - - 67
22 -OCH. 11 1 6 .2 - — 67
23 - no2 It 33.4 — - 67
24 -a 65/° Lais 0 34.5 - - 89
25 -ca3 II 5.79 — - 69
26 -01 It 67.0 — ■ — 89
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Wo. Ortho- Aqueous kx1(P(25°C) Ea log A RefSubstituent Solvent 1/mol/sec kcal/mol
27 -0CH-. 65% DiiSO 10.7 69
28 -N02 It . 295 — — 69
29 -H 65% 1MS0 166 _ 69
30 -c h3 It 26.9 — — by
31 -01 I 356 — — 89
32 -0CH3 I 27.8 — — 89
33
IC\J
o£51 I 2390 — — 89
34 -H 95% DMSO 1150 — — 89
35 rn«o1 I 356 — — 89
36 -C1 t 3610 — — 89
37 -och3 I 199 — — 89
36 -H 20fo dioxan 5.9„(20°C)
— — 71
39 -0CH3 i 1.90(20°C)
- - 71
40 -CH. 607° dioxan o.aao 13.96 6.6 70J (3500)
41 -C0-0bH5 ii 3 5 .0 9.32 5.4 70
42 -°bHs i i 0.197 16.43 7.6 70o p (45°C)
43 ,--------H 857* ethanol 1.39 l35dC) 18 .4 1 0 .2 62
44 -c h 3 i i 0.203(35°C) 19.5
1 0 . 1 62
45 1—1 UJ -ci it 2.81 16 .6 9.2 62*P -P Q) CQ (35°C)46 S ® -CH3 60$ dioxan 1 .4 6 14.3 7 . 7 62
47 —  -H i i - 1 1 . 8 13.6 8.0 62
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The only compound in Table 15 which is directly
comparable with the results obtained in this project is ethyl
o-toluate (No. 40), whose rate was studied in 60$ dioxan by
70B.C. Chauncy using a resistance technique. His value of 
0.880 x 10 ~ 3 1 mol~^sec~^ at J5°C. is somewhat lower than the
— _ i _ -jvalue 0.99b x 10 1  mol sec obtained here using the
spectrophotometric technique. The average value obtained in
—1 —1this project by the titration technique is 0.9d9 1 mol sec , 
which is in good agreement with the spectrophotometric result.
Some comparison of the rates obtained in this 
project with the rates obtained by previous workers can be 
made by considering relative rates in different solvents.
Table 1 b lists the relative rates obtained in this project 
at 25°C., and relative rates that have been reported in the 
solvents indicated.
TABLE 16
Relative Rates in Various Aqueous Solvents (25°C* )
Ortho­
Substituent
607>
Dioxan+ Ethanol^ Ethanol"^
407*
Acetone^
655»
DMSO
-CH3 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1.0 0
-cl 14.4 17.9 6 .« 1 1 1 . 1 12.7
—0CH3 4 . 1 1 - 3.29 - 1.B5
+ Results obtained in this project.
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I t  can be seen that the re la t ive  rates obtained 
in  t h is  project are reasonably well supported by the re la tive  
rates obtained in  other solvents. As pointed out by Kondo
â i*  > substituent effects in  one solvent are not d ire c tly  
comparable with substituent effects in  another solvent, since 
they are a lso  affected by the in te raction  between individual, 
substituents and solvents.
The re la t ive  rate of the ortho-ch loro substituted 
compound i s  low in  37° ethanol, and th is  could be caused by strong 
so lva tion  of the electronegative chlorine atom by the h ighly 
polar aqueous solvent, producing a secondary ste r ic  effect.
This w i l l  be discussed later.
(b) ASSESSMENT OF SUBSTITUENT EFFECTS ON THE 
RATE CONSTANTS (FREE ENERGIES)
PH
Newman and Leegwater have presented evidence 
that certa in  ortho-substituted esters undergo a lka line  hydro­
l y s i s  v ia  an intramolecular (neighbouring group assistance) 
mechanism. The substituents studied in  the present work, 
however, would a l l  be expected to hydrolyse v ia  the normal 
B ^ 2  mechanism (see page 11). In  th is  mechanism substituent 
e ffects are quite unambiguous: e lectron-attracting substituents 
would be expected to accelerate the reaction by making the 
carbonyl carbon of the ester more prone to attack by the OH” 
reagent, while increasing  ste r ic  bulk of substituents would
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decrease the rate of reaction by increasing  the crowding in  the 
3
SP t ra n s it io n  state re la t ive  to the o r ig in a l ester.
The re la t ive  rates at 45°C. of the four com­
pounds studied are lis te d  in  Table 17.
TABLE 17
Relative  Kates at 45°C*
Compound Relative Rate
Ethyl o-toluate 1.00 
Ethyl o-chlorobenzoate 9.6b 
Ethyl o-methoxybenzoate 3.60 
Ethyl o-phenoxybenzoate 4.73
The h igh reaction ve locity of the chloro 
substituted  compound i s  predictable in  view of the fact that 
i t  i s  more strongly  electron withdrawing than the methyl group.
The ortho-methoxy group does not attract 
electrons as strong ly  as the ortho-methyl group, which should 
cause i t  to react more slowly, but i t s  ste r ic  effect i s  a lso 
much le s s  than that of the methyl group, and th is  tends to
oppose the polar effect. Taft (Table 1, page 17) l i s t s
*
cr (methyl) = 0.00 (methyl) = 0.00
*
cr (methoxy) = -0.22 Es(methoxy) = +0.99
and sub stitu tion of these figu re s in  the Taft equation ind icates
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that the methoxy compound would be expected to hydrolyse 
approximately s ix  times as fa st  as ethyl o-toluate at 25°C.
The rate of hyd ro lysis of ethyl o-phenoxy- 
benzoate i s  m arginally greater than that of ethyl o-methoxy- 
benzoate. Other rate constants for th is  compound are not 
ava ilab le  in  the lite ra tu re . Jaffe  ^  l i s t s  the para­
substituent constants as o- (methoxy) = -0.27, cr (phenoxy) = 
-0.003, which ind icates that, from polar considerations alone, 
the phenoxy compound should react faster than the methoxy 
compound. However, the phenoxy compound could be expected to 
exert a considerable ste ric  effect re la tive  to the methoxy 
group, which i t  apparently does not do. The ste r ic  effect of 
the phenyl group i s  known to be large , but the above re su lts  
would ind icate that the bulk of the substituent benzene r in g  
does not hinder the reaction centre when i t  i s  once removed 
by an oxygen bridge from the substrate benzene ring. This 
conclusion i s  reinforced by the re la tive  ste ric  factors of the 
methyl and methoxy groups.
The E value lis te d  above (+0.99) fo r theD
methoxy group re la t ive  to the methyl group, and the apparent 
la ck  of s te r ic  hindrance observed for the phenoxy group, 
require some consideration in  terms of the Taft treatment of 
ortho substituent effects. I t  does not seem reasonable that 
the ste r ic  effect of the methoxy group should be so vastly  
d iffe ren t to that of the methyl group. This difference cannot
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be explained in  terms of possib le  conjugation of the methoxy 
group, which would tend to increase the energy of activation  
required to form the unconjugated tran s it io n  state. In  support 
of th is ,  the u lt ra -v io le t  spectra of the methoxy and phenoxy 
compounds do not exhib it any evidence of substituent 
conjugation i.e .  they do exh ib it 0—>0  tran s it ion s.
I t  i s  possib le  that what i s  being observed here 
i s  the re su lt  of hyperconjugation of the methyl group with the 
benzene r in g  in  ethyl o-toluate. Such hyper conjugation would 
decrease the rate of hyd ro lysis of ethyl o-toluate (the re f­
erence compound) compared to the unconjugated o-methoxy 
compound, which i s  the effect observed in  th is  instance.
(c) ASSESSMENT OP SUBSTITUENT EFFECTS ON THE 
ENTHALPIES OP ACTIVATION
The enthalpy of activation  in  an a lka line
ester hyd ro lysis proceeding v ia  a B ^ 2  mechanism i s  probably
la rge ly  a function of the attraction  between the hydroxyl ion
91and the carbonyl carbon atom , and factors which fa c il ita te
the formation of the tran s it io n  state by decreasing i t s  
potentia l energy tend to lower AH .
For unsubstituted benzoic esters, the major
*
factor producing va ria tion  in  AH i s  the nature of the solvent. 
A solvent which i s  capable of so lvating  the reaction s ite
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s t a b i l is e s  the t ra n s it io n  complex and lowers enthalpy of 
activation . Since
AG = AH -  I A S  ,
t h is  effect tends to be compensated by the decrease of A S * 
re su lt in g  from increased so lvation, and the ove ra ll effect on 
AG* i s  not as great ^  .
When a substituent i s  introduced into the 
ortho position , a number of facto rs have to be considered.
The inductive effect exerted by the sub st it­
uent a lte rs  the p a rt ia l charge on the carbonyl carbon atom.
An electron withdrawing substituent causes a decrease in  AH*, 
and t h is  i s  somewhat compensated by polar f a c i l it a t io n  of 
so lvation , which decreases AS . A substituent which i s  more 
electron re p e llin g  than a hydrogen atom increases AH*.
I f  resonance interaction ^  e x ists  between the 
substituent, the benzene ring , and the functional carbonyl 
group, then extra energy i s  required to form the tetrahedral 
t ra n s it io n  complex, which does not conjugate as strongly as 
the substrate, and AH i s  increased.
A bu lly  ortho-substituent may s te r ic a lly  hinder 
conjugation between the benzene r in g  and the carbonyl group 
in  the reactant molecule , so that le s s  energy i s  required 
to form the t ra n s it io n  complex, and AH i s  lowered.
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The major s te r ic  effect of a bulky substituent 
i s  to increase the bond s t ra in  in  the t ra n s it io n  state due to 
repu lsion  between the substituent, the reaction centre and the 
hydroxyl ion. This increases the enthalpy of activation.
A bulky substituent may a lso  in h ib it  so lvation  
of the tra n s it io n  complex. S te ric  in h ib it io n  of so lvation  
serves to increase AH , although the effect of t h is  increase 
on reaction rate i s  compensated by the consequent increase, of 
A S*.
Values of AH obtained for the compounds 
studied were ( in  kcal mol- 1 ) (1) ethyl o-toluate (14.06),
(2) ethyl o-chlorobenzoate (10.71), (3) ethyl o-metnoxybenzoate 
(13.75) and (4) ethyl o-phenoxybenzoate (12.61). For purposes 
of comparison, an acceptable value of AH for ethyl benzoate 
i s  13-4 kcal mol .
In  considering substituent effects on AH , 
the changes in  AH* produced by the substituents re la tive  to 
ethyl benzoate are lis te d  in  Table 1S.
TABLE 1tt
Substituent Effects on AH 
Substituent 8AH (kcal mol )
-CH3 +0.6
-Cl -2.7
-OCH, +0.4
-oc6h 5 -0.«
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These re su lts  are consistent with what would be 
predicted in  terms of the polar nature of substituents. AH* 
has been increased slightly by the methyl and methoxy groups, 
and has been decreased by the chloro and phenoxy substituents.
The decrease of 2.7 kcal mol~^ recorded for 
the chloro substituent i s  somewhat larger than would have been 
expected from comparison with values obtained in  other solvents, 
and w il l  be discussed further in  section (f).
I t  may also be noted that the greater electron 
a ttractin g  power of the phenyl group in  comparison with the 
methyl group causes AH for the phenoxy substituent to be 
s ig n if ic a n t ly  lower than for the methoxy substituent.
(d) ASSESSMENT OP SUBSTITUENT EFFECTS ON THE 
ENTROPIES OP ACTIVATION
Entropies of activation  for the sapon ification  of 
ethyl benzoates range from -15 to -35 cal mol“1 94,95  ̂
depending on the nature of the solvent and substituents.
Entropy variations can be c la s s if ie d  into 
those which are common to ester saponification  reactions, and 
those which are produced by a substituent.
The major contribution to AS i s  that due to 
so lvation  of the tra n s it io n  state. The "freezing out“ of 
solvent molecules lowers the entropy of the solvent system.
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The degree of so lvation  of the reaction s ite
•can be affected by substituents on the benzene ring. An
electron withdrawing substituent in  the ortho or para
posit ion s increases the f ie ld  at the reaction centre, and
•
causes AS to be more negative through increased solvation.
Entropy of activation  i s  also dependent on 
the polar nature of the solvent, and th is  aspect w i l l  be d is ­
cussed in  section (g).
The effects of ortho substituents on entropy of 
activa tion  can be divided into two main areas. The f i r s t  in ­
volves the ste r ic  effect of the substituent on the v ib rationa l 
motions of the tran s it io n  complex. A bu lly  substituent hinders 
the v ib ra tiona l modes available to the tran s it io n  state re lative  
to an umsubstituted tran s it io n  state, decreasing entropy of 
activation. I f  the nature of the substituent i s  such that
ste r ic  stra in  hinders v ib rations of the substituent it s e lf ,
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a decrease in  AS i s  produced also .
The second substituent effect i s  ste ric  
in h ib it io n  of so lvation. I f  the bulk of the substituent 
group in h ib it s  so lvation  of the reaction site , entropy of 
activa tion  i s  increased. Ste ric  in h ib it io n  of so lvation  op­
poses the increased so lvation  produced by an electron with­
drawing substituent in  the ortho position, and i t  also opposes 
the substituent bulk effect on.entropy of activation.
The values of AS ( in  cal K-  mol"" ) obtained 
in  th is  project were (1) ethyl o-toluate (-25.7),
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(2) ethyl o-chlorobenzoate (-32.7), (3) ethyl o-methoxybenzoate 
(-25 .0 ), and (4) ethyl o-phenoxybenzoate (-28.2).
O ET ^
Price found AS for ethyl benzoate to be 
1 1
-24.6  cal mol~ in  70f* dioxan, and in  60/* dioxan i t  would 
be expected to be s l ig h t ly  more positive  than th is .
The substituent entropy effects 6A S* re la tive  
to the value given by Price are lis te d  in  Table 19.
TABLE__IJ
__ *  
Substituent Effects on AS
Substituent
- ch3
-Cl
-OCH3
- oc6H5
SAS*
(ca l E m o l ~ h
- 2.1
-«.1
-0.4
-3.6
-£
The decrease in  AS caused by the methyl 
group would not be expected from polar considerations, and 
could be attributed to the ste r ic  bulk effect of the methyl 
group causing hindered v ib ration  in  the tran s it io n  state 
re la t ive  to the unsubstituted tra n s it io n  state. This suggest­
ion  i s  reinforced by the s ig n if ic a n t ly  smaller effect produced 
by the methoxy group, whose ste r ic  effect has been noted 
previously to be le s s  than that of the methyl group.
The large decreases in  AS
-X-
encountered in  the
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chloro and phenoxy substituted compounds can be attributed to 
polar facilitation of solvation of the transition complex, 
since both of these substituents are electron attracting.
(e) SOLVENT EFFECTS ON THE HATE CONSTANTS
The rate of saponification of an ester by the 
B^q 2 mechanism can be expected to increase with the polarity 
of the solvent, since solvation of the ionic transition state 
by the solvent molecules tends to decrease enthalpy of 
activation.
. 95From empirical considerations 
log k ec I ,
where k is the second order rate constant for the reaction 
and £ is the dielectric constant of the solvent.
Table 20 lists second order rate constants 
at 25°C. for the compounds indicated-in various aqueous 
solvents whose dielectric constants are also listed.
SOLVENT VARIATION OF RATE CONSTANTS
---------
r---
00CN
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TABLE 20
Variation of Rate Constant with Solvent 
(.Substituted ethyl benzoates)
k x 103 125°C.) Ref.
(.1 mol“̂  sec*" ' )
Ortho substituent 8 -H -0H3 -Cl
70Jo dioxan 18 3.43 — — ö6
bOfo dioxan 25 — 0.442 6.10 This project
85^ ethanol 41 0.Ò21 0.0776 1.39 63
607° acetone 44 2.ÖÖ 0.305 3.61 6Ö
" 49 3.40 0.357 4.03 68
40“/° " 55 4.63 0.4Ö2 5.33 86
30?5 " 61 7.73 — — 68
Prom the values listed in Table 20 it can 
be seen that while variations within a solvent (.acetone) are 
in good agreement with theoretical predictions, comparisons 
with other solvents do not appear to be valid. This same 
situation has been noted for other reactions . Reaction 
rates in aqueous dioxan are high in comparison with acetone, 
and rates in aqueous ethanol are low.
The values of log k are plotted against — 
for ethyl o-toluate in Figure 18. The distribution of points 
in this scattergram is similar to that obtained for the other 
two substituents.
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These results are probably an indication of the 
degree to which the polar component of an aqueous mixture may 
be separated from the non-polar component in solvating the 
transition state. It is probable that the polar ethanol and 
acetone molecules are themselves hydrated by water molecules, 
whereas the non-polar dioxan molecules are not, so that the 
effective concentration of free water molecules in aqueous 
dioxan mixtures is relatively greater than expected. “Solvent 
sorting“ will be discussed further in section (g).
• If) SOLVENT EFFECTS ON THE ENTHALPIES OF ACTIVATION
For reasons discussed in section (e), values
of AH for a given compound can be expected to decrease as
*the solvent becomes more polar. Table 21 lists AH values 
relative to ethyl benzoate produced by the methyl and chloro 
substituents in various solvents whose dielectric constants are 
indicated.
TABLE 21 ‘
Solvent Variations *Of AH
Solvent £
*-AHqi Ref.
U -1cal mol )
607& dioxan 25 +0.6 -2.7 This project
Ö5/0 ethanol 41 +4.0 -2.0 b3
60/̂  acetone 44 + 1 .u -1.2 6Ö
5 acetone 49 +0.5 -1.1 b8
40fo acetone 55 1 o • rc -1.0 6Ö
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From Table 21 it may be.seen that for ethyl 
o-toluate the solvent effects are in accord with predictions 
except for the anomalous position of the dioxan solvent which 
has been noted in section (ej. However, the ortho-chloroben- 
zoate exhibits higher values of AH in more polar solvents, 
completely reversing the predicted trend*
A possible explanation of this could be
developed from a suggestion by Chapman that strong solvation
of the electronegative chlorine atom may produce a secondary
steric effect at the reaction site. Such solvation would 
*
cause AH to be relatively increased, and the effect would be 
more marked in polar solvents.
(g) SOLVENT EFFECTS ON THE ENTROPIES OF ACTIVATION
Entropy of activation is also dependent on
the polar nature of a solvent, since a more polar solvent will
more efficiently solvate the reaction site in the transition
■x-complex, causing AS to be decreased.
Table 22 lists entropies of activation in
different aqueous solvents for the saponification of ethyl
& _benzoate. The values of AS Y/ere calculated from the published
d at a •
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TABLE 22
Solvent Variation of AS* for Ethyl Benzoate
Aqueous Solvent £ AS* Ref.
(cal k“1 mol*“-*)
70fo dioxan 1Ö -24.6 ö6
05?° ethanol 41 -15.6 63
b6c/o acetone 46 -21.0 87
4-0/<> acetone •55 -2b.3 Ö6
30fo acetone 61 -27. 8 b 8
In the mixed aqueous solvents in Table 22, 
the values of AS show a decreasing trend in solvents with a 
larger dielectric constant (i.e. more polar solvents), the 
exception again being the value for aqueous dioxan.
A second solvent contribution to entropy of 
activation is the effect of “solvent sorting“ . If the 
more polar, e.g. water, molecules of a binary solvent system 
are attracted to reaction sites, the solvent becomes partially 
ordered, and contributes a negative effect to AS*. The low 
value noted for AS in aqueous dioxan in Table 22 can be 
attributed to solvent sorting. The dioxan molecule has a 
zero dipole moment, and its solution in water would be more 
prone to the separation of the polar water molecules than 
would solutions of the more polar ethanol and acetone 
molecules•
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(h) THE ISOKINETIC RELATIONSHIP 
45Exner has shown from statistical consider­
ations that when the activation parameters are calculated from 
rate data, the error contours of the rate data are multiplied 
by a factor which is practically constant over a small temper­
ature range. This effect can produce linearity in a set of 
random results, or can make a set of linear points appear to 
be randomly distributed in a plot of AH* against AS*. He 
advocates that the isokinetic plot should be preceded by a 
log plot of rate data at two different temperatures, i.e., 
log k^ against log kg* which if linear implies a true 
isokinetic relationship for the series of compounds.
The rate constants obtained for the compounds 
studied in this project have been plotted according to 
Exner*s technique by plotting log k ^ o  against log k£^o for 
each compound. These are represented by points 1-4 in 
Figure 19.
For purposes of comparison, results obtained 
70by Chauncy for three compounds he studied in 60f» dioxan 
are represented by points 5-7.
The linear nature of the graph in Figure 19 
indicates that an isokinetic relationship does exist for the
¥rreaction series under consideration, and a plot of AH against 
AS* gives a line of best fit whose slope J3 = 530°K.
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ISOKINETIC PLOT
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1 .  e t h y l o -t o lu a t e
2 . e t h y l o-m ethoxybenzoate
3. e t h y l o -phenoxybenzoate
4. e t h y l o -c h lo ro b e n z o a te
5 . e t h y l o -p h e n y lb e n zo a te
6. e t h y l o -t o lu a t e
7 . e t h y l o -b e n z o y lb e n z o a te .
m
+
2.
— i—2.01.0 3.0
log k25 + 5 
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This isokinetic temperature lies well outside
the range of experimental temperatures and it can be concluded
that the relative rates of the reactions studied were in the
*region of control of AH *
This can also be taken as evidence that these 
compounds all react by the same mechanism*
(i) THE SPEC TROPHOTOilET H 1C TECHNIQUE
One of the aims of this project was to examine 
the usefulness of the spectrophotometric technique in studying 
the kinetics of hydrolysis of ortho-substituted esters. The 
intensity of the ultraviolet absorption peaks of these compounds 
is such that the ester has to be used in a low concentration, 
and the necessity of having a reaction 75> complete in a few 
hours requires that the (OH") concentration be relatively 
large, so that it is not possible to avoid the use of a 
pseudo first order kinetic method. This has both advantages 
and disadvantages.
(i) Advantages
Advantages of the technique are that concen­
tration may be measured accurately and quickly, with a 
minimum of physical disturbance to the system being studied.
It may be noted that care should be taken that a reaction 
cell is not kept in the ultraviolet beam for longer than 
necessary, as the radiation itself may be able to exert a
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catalytic effect on the reaction.
Another advantage is that this technique allows 
the use of small reaction samples, with economy of reactants 
and solvents.
With the use of first order kinetics it is 
not necessary to be able to relate absorbance to concentration 
of reactant, since it is not necessary to know initial absorb­
ance to calculate the rate constant.
(ii) Disadvantages
One disadvantage of this technique is that it 
is not suitable for use on some compounds. This will be 
discussed in section (iv).
Because the products of the reactions (in this 
case the anions) are also absorbing species, it is not possible 
to obtain a true infinity absorbance reading, and error caused 
by residual anion absorbance has to be allowed for.
Any technique which employs very low reactant 
concentrations, as this does, is susceptible to errors produced 
by the presence of impurities in the reactants or solvent, 
and care must be taken to eliminate these impurities. As 
described previously., problems were experienced in this project 
due to the presence of the impurity 2-methyl-1, 3-dioxolane in 
the solvent, which produced an absorbing species by reacting 
with the sodium hydroxide solution during the reaction, and a
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different method of dioxan purification had to be employed to 
eliminate this impurity.
Bee ause of the low reactant concentrations 
employed it was impossible to isolate and identify the products 
o± the reactions studied, a step which is considered desirable 
in a kinetic investigation.
Finally, care must be taken that the catalyst 
solution is accurately standardised, as an error in the catalyst 
concentration is transferred reciprocally to the second order 
rate constant.
(iii) Effect of Ionic Medium
A factor which is not readily allowed for in 
kinetic studies is the variation of the ionic medium during 
the course of the reaction.
Changes in the ionic medium of the reaction can 
affect reaction rate, but these changes are minimised in this 
reaction because only a small fraction of the hydroxyl ion 
present is used during the course of a reaction.
Belated to this is the fact that from con­
siderations of kinetic theory it would be more accurate to 
assess effective catalyst concentration, which is the activity 
of the hydroxyl ion present, rather than hydroxyl ion concen­
tration, but the problems involved in measuring the hydroxyl 
ion activity coefficients in solutions of varying concentrations
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are such that the total hydroxyl ion concentration is used in 
calculating rate constants.
(iv) Compounds Not Suited to This Technique
Five of the compounds investigated in this 
project were found to he unsuitable for study by the spectro- 
photometric technique. The reason for their unsuitability is 
that their spectra (pages 4d-52) do not contain absorption 
peaks suitable for measuring concentration change.
Apart from ethyl benzoate, whose peak does not 
shift sufficiently in the transition from ester to anion, all 
the compounds involved have ortho-substituents which resonate 
with the benzene ring. The peaks due to their 0-> 0  transit­
ions are apparently subjected to a hypsochromic shift, and are 
masked by the more intense absorption of the benzene ring.
In this context it is somewhat surprising
po
that Newman and Leegwater have reported the results of a 
study of the saponification of ethyl o-acetylbenzoate and 
ethyl o-benzoylbenzoate by the use of a spectrophotometric 
technique.
They state that they followed the reactions by 
measuring the increase in anion absorbance at a wavelength of 
310 mji, in 30/o dioxan-water solvent. The spectra of these 
two compounds on pages 49 and 51 have been carefully obtained, 
and it is hard to see how this technique could be useful on
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these compounds unless an appreciable red shift is caused by 
the change in dioxan concentration from 60fo to 30$.
(v) Comments on Results Obtained '
It is felt that the kinetic results obtained 
by use of this technique are quite well-founded. Figure 13 
on page 69 illustrates the linearity of the first order plot 
obtained for a typical run. The correlation coefficients 
obtained for the ART plots (page 119) were 0.9994, 0.9993, 
0.99&9, 0.9997* The worst of these plots is illustrated
in Figure 17 on page 07. Considering that the correlations 
above are based on only 10 to 13 points per correlation, the 
results obtained appear to be quite reliable.
(j) SUMMARY' OF RESULTS
It is considered that good kinetic results 
can be obtained using aqueous dioxan as a solvent. For the 
study of alkaline hydrolysis reactions the method of puri­
fication of dioxan used by Kraus and Vingee and other workers 
is not recommended.
The anomalous rate constants and thermodynamic 
parameters obtained with dioxan in comparison with solvents 
of other polarities indicate that for application of results 
to the Taft treatment of ortho substituent effects, both 
acid and alkaline catalysed rates should be measured in
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aqueous dioxan.
There appears to be some cause to doubt Taftfs 
assumption that polar and steric substituent effects are in­
dependent of each other for.ortho substituents, and this can 
only be resolved by calculating Taft parameters from ester 
hydrolysis data in a common solvent.
The spectrophotometric technique is an 
experimentally useful technique, but does not appear to be 
suitable for use with substituents that conjugate with the 
benzene ring.
. (k) SUGGESTIONS FOR FURTHER RESEARCH
Other compounds that could be studied by this 
technique include compounds whose ortho-substituents are 
alkyl, hydroxy, alkoxy and halogen groups.
It would also be possible to study the kinetics 
of the acid catalysed hydrolysis of these compounds, with a 
view to calculating Taft parameters for their polar and 
steric effects.
This technique is not suitable for the study 
of conjugated ortho-substituted compounds in bQffi dioxane. 
However, it could be worthwhile to examine the spectra of 
these compounds in a more polar solvent, which may shift a 
hidden peak towards the red end of the spectrum. This
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suggestion, however, is not put forward with much optimism.
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C
F I R S T  DATA CARD C ON T A I N S  I D E N T I F I C A T I O N  
SECOND DATA CARD C O N T A I N S  CALK VFAC ACELL  A F I N  
T H I R D  DATA CARD B E G I N S  T I M E  ABN P A I R S  
.. A N E G A T I V E  T I M E  I S  R E Q U I R E D  ON THE LAST  DATA CARD
D I M E N S I O N  A B N ( 4 0 ) > T I  M E (40}  . X I A O ) . Y ( 4 0 ) . C A L A B l A O ) * D I F ( 4 0 )  
D I M E N S I O N  F ( 4 3 )  . B A ( 4 0 )  . B B ( 4 0 )  . B C < 4 0 )  *BD< AO)
W R I T E (3 »1)
1 F O R M A T ( 1 H 1 )
81 F O R M A T ( / / / / )
333 RE A D (2 * 2 00)
W R I T E (3 » 200 !
200 F O R M A T ( 1 2X *50H  
W R I T E ( 3 » 4 1 )
41 F O R M A T t / )
R E A D ( 2 . 2 0 1 ) C A L K . V F A C . A C E L L » A F I N
201 F O R M A T ! 4 F 10 » 3)
D 0 7 7 J = 1 . 40
R E A D ( 2 . 2  0 ) T I  M E ( J ) . A B N ( J )
20 F O R M A T ( 2 F 1 0 . 3 ) '
I F ( T I M E ! J )  1 7 0 . 7 . 7
7 T I M E ( J ) = T I M E ( J ) * 6 0 .
X ( J ) =T IM E ( J )
77 Y ( J ) = A L O G ( A B S ( A B N ( J l - A C E L L - A F I N 1)
70 N = J - l
I F ( A B N t 1 1 - A F I N 1 8 . 9 . 9
8 CONST = - l •
GOTOI O  '
9 CONST = 1•
10 S U MX = 0 .
SUMY = 0 »
S U M X Y = 0 • •
S U MX X = 0 .
D 0 1 2 J  = 1 .N 
S U M X = S U M X + X ( J )
S U M Y = S U M Y + Y ( J )
S U M X X = S U M X X + X ( U 1* * 2  
12 S U M X Y = S U M X Y + X ( J ) * Y ( J)
G = N
D E N O M = S U M X * * 2 - G * S U M X X  
S L O P E = 1S U M X * S U M Y - G * S U M X Y ) /DENOM  
B = ( S U M X * S U M X Y _ S UMY * S UMXX ) / DEN OM  
FS UM= 0 .
D 0 2 1J = 1 . N
F ( J 1= Y ( U ) - S L O P E * T I M E < J l - B
21 F S U M = F S U M + F ( U ) * F < J )
DEV=SQRT  ( F S U M / G )
C START  V A R I A T I O N  I N  A F I N
A I N C = a 0 1  
LA = 0
V M OD = AF I N
PAGE 2 '
1Ï>0.
T E S T  =DEV 
VMOD=VMOD+AINC 
SUMX = 0•
SUMY=0.
.. SUMX Y = 0 •
SUMXX = 0•
D02 2J  = 1 * N ■
Y < J ) = A L O G ( A B S ( A B N ( J ) - V M 0 D - A C E L L ) ) 
SUMX =SUMX + X ( J )
SUMY =SUMY+Y( J )
SUMXX=SUMXX+X( J ) * X ( J )
22 SUMXY = SUMXY + X! J ) * Y U )  
DENOM=SUMX*SUMX-G*SUMXX 
SMOO=( SUMX*SUMY-G*SUMXY) /DENOM 
BMOD=(SUMX*SUMXY-SUMY*SUMXX)/DENOM 
FSUM=0.
D02 3J  = 1 » N
F ( J ) = Y ( J ) —S MO D * X ( J ) —BMOD
23 F S U M = F S U M + F ( J ) * F ( J )
DEV=SQRT( FSUM/G)
LA=LA+1
B A ( L A ) =SMOD 
B 3 ( L A ) =BMOD 
BC Í L A ) =VMOD 
B D ( L A ) =DEV 
I F ( T E S T - D E V ) 3 4 . 3 4 . 2 5  
25 T E S T  = DEV 
D026L = 1 » 10 
VMOD=VMOD+AINC 
SUMY=0.
SUMX=0.
SUMXX=0.
SUMXY=0• .
D0 29 J = 1 » N
Y Í J ) =ALÛG( A B S ( ABN Í J  1- V M Û D - A C E L L ) )  
SUMY=SUMY+Y( J )
SUMX=SUMX+X( J )
SUMXX=SUMXX+X( J ) * X ( J )
29 SUMXY=SUMXY+X! J ) * Y ( J )  
DENOM=SUMX*SUMX-G*SUMXX 
SMOD=( SUMX*SUMY-G*SUMXY) /DENOM 
BMOD=( SUMX*SUMXY-SUMY#SUMXX)/DENOM 
FSUM=0.
D 0 3 0 J = 1 * N
FÍ  J ) = Y (  J ! - S M O D * X (  J l - BMOD
30 F S U M = F S U M + F ( J ) * F ( J )
DEV=SQRT ( FSUM/G)
LA=LA+1
BA ( LA ! =SMOD 
. B3 ! L A ) =BMOD 
B C ( L A ) = VMOD
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BD ! L A ) =DEV
I F ( T E S T “ DEV)345»345*26 •
26 TEST = DEV 
G0T031
31 W R I T E O . 3 2 )
32 FORMAT( 2X * 1 THE CURVATURE S T I L L  REMAINS' )
' G0T0333 '
345 LA=LA-1
SLOPE=BA( L A )
B=BB( L A )
VMOD=BC!LA)
TEST=BD!LA)
AF IN = VMOO 
G0T034
34 RATE=ABS (SLOPE)
SECK=RATE/CALK 
SECK=SECK*VFAC
AB IN=AFIN+ACELL+EXP (B)*CONST 
PCENT = ( ABI N- ABN( N ) ) / ( AB I N - A F I N )*100.
WR I T E (3 » 27)
27 FORMAT(7X*'ABSORBANCE TIME CALC A3SORBANCE DIF
ICE ' )
DOl 3J = 1 * N
CALAB( J ) =AFIN+ACELL+EXP ( SLOPE*TI ME( J ) + S ) «CONST 
D I F ( J ) = A B N ( J ) - C A L A B ( J )
14 ) ABN ( J ) * T I ME C J ) * CAL A B U )  * DI F ( J )  
X*F7.3«6X»F8.2*7X*F7.3*11X*F7.3)
41 )
15 1SECK
2X *'LEAST SQUARES RATE CONSTANT = ' E11.4)
181CALK
2X * ' CATALYST CONCENTRATION = ' F 7 « 5 * ' N ' )
1 9 ) PCENT
2X *'PERCENTAGE OF REACTION FOLLOWED = ’ F6 . 2 )
35JAFIN
2 X . ' F I N A L  ABSORBANCE = ' F 5 . 3 )
3 6 ) TEST
2X♦ ' STANDARD ERROR OF ESTIMATE = ' F 7 . 5 )
PAGE A '
8 1 )
END
13 WRI TE( 3 *
14 FORMAT (7
WRITE! 3 t
WRITE! 3>
15 FORMAT < 1
WRITE! 3 *
18 FORMAT ( 1
WRITE! 3 *
19 FORMAT ( 1
WRITE! 3 p
35 FORMAT ( 1
WRITE! 3>
36 FORMAT ( 1
WRITE!
PAUSE
3 >
G0T0333
n
n
n
n
n
n
n
n
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C KJ MCCARTHY
FIRST DATA CARD CONTAINS IDENTIFICATION 
SECOND DATA CARD CONTAINS AO BO TNORM '
THIRD DATA CARD CONTAINS ALIQUOT EACID 
. FOURTH DATA CARD CONTAINS VOLUME CORRECTION FACTOR IORD 
FIFTH DATA CARD BEGINS TIME-TITRATION PAIRS 
A NEGATIVE TIME IS REQUIRED ON THE LAST DATA CARD .
IF A0 = 0 CONCENTRATIONS OF REACTANTS ARE EQUAL 
PRINT 81 
81 FORMAT!////)
DIMENSION TIME!AO)*CONC<40>,RK(40),CRK(40),X(40),Y(40) 
333 READ 200 
PRINT 200
200 FORMAT(40H )
PRINT 41
41 FORMAT!/)
C = 0.
SD = 0.
SUM=0.
S = 0.
CORR=0.
READ 1 1 *AO,BO,TNORM 
READ 11*ALIQ»EACID 
11 FORMAT(4 F 10« 3)
READ 177,VFAC,IORD 
177 FORMAT(F10.3.I1 )
D02 5 1 = 1*40 
READ 20 »TIME!I)* TITN 
20 FORMAT!6F10* 3)
IF(TI ME <I ) 170*28*28 
28 GO TO (24*25*24)♦IORD
24 C O N C d  )=TITN*TNORM/ALIQ 
GO TO 7
25 CONC(I )=BO+(TITN*TNORM)/ALIQ-EACID/ALIQ 
7 CONTINUE
70 N = I — 1
AN = N 
SRSQ=0•
IF(AO)201 *201 * 113 
113 GO TO (777,777.778).IORD 
777 DO 13 1=1*N
Y (I )=1*/(AO-BO)*LOGF( !BO*(AO-CONC!I)))/(AO*(BO-CONC( I)))) 
R K (I )=Y(Il/TIME!I)
RK!I)=RK(I)*VFAC
SRSQ=SRSQ+RK(I)**2 •
X (I ) =TI M E (I)
13 SUM=SUM+RK(I)
GO TO 171
201 DO 21 1=1,N
. Y !I)=CONC(I )/(80*(BO-CONC ! I ) ) )
R K (I)=Y(I)/TI M E (I)
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R M  I )=RK( I )*VFAC 
SRSQ=SRSQ+RK(I)**2 
X ( I )=TIME < I )
21 SUM = S U M + R M I )
GO TO 171
778 DEL=ABSF(BO-AO)
' F=1,-DEL*DEL/((2•*AO+DEL)*(2.*ÍAO-CONC(N ))+DEL))
DO 15 1 = 1 »N
Z=l./((AO+DEL/2.)-CONC<I)) -l./ÍAO +DEL/2.)
R M  I ) =Z/ ( F*TI M E ( I ) )
R M  I )=RM I )*VFAC
SRSQ=SRSQ+RMI)**2
Y( I )=l./<AO+DEL/2.-CONCI I))
X (I )-T IME(I )
15 SUM=SUM+RK(I)
171 AVE=SUM/AN
PN = N .
SX = 0.
SY = 0.
SXSQ=0.
SXY=0.
SYSQ=0.
917 DO 199 I = 1 * N 
SX = SX+X ( I )
SY = SY+Y( I )
S YSQ = SYSQ+Y( I ) * Y ( I )
SXY=SXY + X (I)*Y( I )
199 SXSQ=SXSQ+X<I)*X(I)
PA=SXSQ-(SX#SX ) / P H  
QA=SYSQ-(SY*SY)/PN 
BA=SXY-(SX*SY)/PN 
S=BA/PA
CORR=SQRTF((BA*BA)/(PA*QA)) '
22 SD = SQRTFí(SRSQ/PN)-(AVE**2))
YM=SY/PN
XM=SX/PN
C=YM-S*XM
RKLS=S
RKLS=RKLS*VFAC 
715 GO TO (128*29*29),IORD 
128 PCENT=CONC(N)/A0*100.
GO TO 103
29 PCENT=CONC(N)/B0*100.
103 IF(SENSE SWITCH 2 >118*119 .
119 PRINT 27
27 F0RMAT(7X13HC0NCENTRATI0N12XAHTIME15X14HRATE CONSTANT ) 
DO 517 1=1,N
517 PRINT617*CONC(I),TIME(I)*RK(I)
617 FORMAT(8XE11.4,10XF8.2*1AXE11»A )
PRINT 41 
PRINT 3 1 *RKLS
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PAGE A
31 FORMAT (12X34HLEAST SQUARES RATE CONSTANT = Ell.4 )
PRINT 32iAVE
32 FORMAT (12X34HAVERAGE RATE CONSTANT =* Ell.4 )
PRINT 33 *CORR
33 FORMAT (iaX34HCORRELATION COEFFICIENT m Ê 1 1 . 4 )
PRINT 34 *SD
' 34 FORMAT (12X34HSTANDARD DEVIATION FROM MEAN = Ell.4 )
PRINT 131,BO
131 FORMAT (12X34HESTER CONCENTRATION ' = Ell.4 )
IF(AO) 713,712,713 * *
712 PRINT 13 3 » BO
133 FORMAT (12X34HCATALYST CONCENTRATION = F 6 « 4 ,1HN
GO TO 79
713 PRINT 13 3 * AO
79 PRINT 75 »PCENT
75 FORMAT (12X34HPERCENTAGE OF REACTION FOLLOWED = F6.2 )
PRINT 81
118 IF(SENSE SWITCH 1 >500.501
500 PUNCH 81
PUNCH 200
PUNCH 41
PUNCH 2 7 •
DO 117 I = 1 » N
117 PUNCH 617 *CONC(I),TIME(I),RK( I )
PUNCH 41
PUNCH 31 ,RKLS
PUNCH 32,AVE
PUNCH 3 3 » CORR -
PUNCH 34 * SD
PUNCH 131 » BO
IF(AO) 1713,1712#1713
1712 PUNCH 133,BO
GO TO 1715
1713 PUNCH 133, AO
1715 PUNCH 75,PCENT •
501 GO TO 333
END
n 
n 
n PROGRAM TO CALCULATE DG DH DS 
LAST CARD CONTAINS A NEGATIVE RATE CONSTANT 
FIRST DATA CARD CONTAINS IDENTIFICATION 
DIMENSION T (20)* RK « 20)»X (20)* Y « 20 ) ■
WRITE(3»33>
33 FORMAT(1H1 )
10 WRITE(3 t11) ‘
11 FORMAT ( / / / / )
READ(2 113)
WRITE(3»13) •
13 FORMAT(2OX *50H 
WRITE(3*14)
14 FORMAT«/) ‘
DOl8J=1#20 
READ« 2 # 16 ) T ( J )t RK «J )
16 FORMAT(F10«3tE10*4)
IF(T <J ) )19*17*17
17 T (J )=T « J )+273 #1 
X(J)=1#/T«J)
18 Y(J)=ALOG(RK(J)/T(J))
19 N«J-1
PN = N *
s x = o .  '
SY = 0 •
SXSQ=0•
SX Y = 0 •
SYSQ=0•
D021 J = 1 * N .
SX=SX+X(J)
SY = SY+Y(J )
SYSQ=SYSQ+Y{J)#Y(J)
SXY=$XY+X(J)*Y«J)
21 SXSQ=SXSQ+X(J)*X«J)
PA»$XSQ-(SX#SX)/PN
QA=SYSQ-«SY*SY)/PN ’
BA=SXY-(SX*SY)/PN 
S=BA/PA
CORR = SQRT(ABS« (BA**2)/« PA*QA))) *
SDsSQRT(ABS((QA-(BA*BA)/PA)/(PN-2.))) 
YM=$Y/PN 
XM=SX/PN 
C=YM-S*XM
DH=-1.9872*S .
WRITE(3*22)
22 FORMAT«12X* » DEG C.
TEMP = 2 5•
23 TEMP=TEMP+273*1
Z=S/TEMP+C '
RATE=TEMP*EXP«Z)
. TEMP=TEMP-273*1 .
WR I TE « 3 » 24 ) TEMP »RATE'
PAGE 2
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24 FORMAT(13X»F4.1*29X*E10.4)
TEMP=TEMP+10.
IF(T EMP-65•)23 * 23*25
25 TDS=318.1 
Z=S/TDS+C 
RKDS=TDS*EXP!Z)
DS=-47.216+DH/TDS+1.9872*ALOG(RKDS/TDS) 
DG=DH-TDS*DS
WRITE<3»14> -
WRITE(3*26)DH
26 FORMAT(16X »'ENTHALPY CHANGE ='F10.2)
WRITE!3 * 27)DS .
27 FORMAT!16X.'ENTROPY CHANGE ='FX0.2)
WRITE(3»28)DG
28 FORMAT(16X*'FREE ENERGY CHANGE ='F10.2) 
WRITE(3»29)CORR
29 FORMAT(16X *'CORRELATION ='F8.5) 
WRITE(3*30)C
30 FORMAT!16X.'INTERCEPT ='E10.4)
WRITE(3 * 31)SO
31 F0RMAT(16X*'STANDARD DEVIATION ='E10.4) 
SDS=SD/SQRT(SXSQ-(SX*SX)/PN)
WRITE(3»32)SDS
32 FORMAT(8 X »'STANDARD DEVIATION IN SLOPE = 'Ell.4)
GO TO 10 '
END ,
PAGE 3
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